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LETTER OF THE SUPERVISING SURGEON-GENERAL.

Treasury Department,
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Sir: Referring to the accompanying report of Maj. George M.

Sternberg, surgeon U. S. Army, of his researches relating to the

etiology of yellow fever, I have the honor to recommend that it be

immediately printed as a special report from this Bureau.

Very respectfully, your obedient servant,

John B. Hamilton,
Supervising Surgeon- General Marine Hospital Service.

Hon. William Windom,
Secretary of the Treasury.

Approved, July 11, 1890.

William Windom,
Secretary of the Treasury.
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ORDERS.

Headquarters of the Army,
Adjctant-Geneual's Office,

Wmliinyton, April 23, 1888.

[Extract.]

1. The following order, received from the War Department, is substituted for para-

graph 13, Special Orders No. 89, April 18, 1888, from this office, which is, by direction

of the Secretary of War, revoked

:

War Department, Washington, April 21, 1888.

By direction of the President, in pursuance of the authority contained in the pro-

visions of the act of Congress, approved March 3, 1887, "making appropriations for

sundry civil expenses of the Government," etc., relating to the methods of prevent-

ing the spread of epidemic diseases, Maj. George M. Sternberg, Surgeon U. S. Army,
will proceed to the Island of Cuba for the purpose named in the letter of the Presi-

dent addressed to the Secretary ofWar on the 17th instant, and upon the completion

of this duty will return to his proper station and submit his report to the President

on or before June 2?>, 1888.

The travel enjoined is necessary for the public service.

Wm. C. Endicott,

Secretary of War.»»*#•#*
By command of Licutenant-General Sheridan:

R. C. Drum,
Adjutant- General,

Special Orders

No. 93.

Special Orders, ) Headquarters of the Army,
No. 2iJ4.

) Adjutant-General's Office,
Washington, September 26, 1888.

[Extract.1

8. The following order has been received from the War Dopartment:

War Department, Washington, Sepicmher 26, 1888
By direction of the President, Maj. George M. Sternberg, Surgeon U. S Army will

proceed to Decatur, Ala., and to such other points iu the infected districts of the
Southern Stntes as he may deem necessary to continue his scientific investigations of
yellow fever.

"

R. Macpeely,
Acting Secretary of War.
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Upon tho completion of tlio dnf.y assigncul him in this order, Major Sternberg will
return to his proper station.

"

Tho travel oiijoiiied is necessarj' for the pnblic service.

By command of Major-Gcuoral ScLofield:

R. C. Drum,
Adjutant- General.

Special Orders, 5' Headquartrrs of the Army,
No. 30. i Adjutant Genkral's Oi''iacE,

Washington, February Z>, 1889.

[Extract.!

16. The following order has been received from the War Department:
War DEPARTMENr, Washington, Fabraary 4, 1889.

By direction of the President, in pursuance of the authority contained in the pro-

visions of the act of Congress, approved March 3, 1837, "making appropriations for

sundry civil expenses of the Government," etc., relating to the methods of prevent-

ing the spread of epidemic diseases, Maj. George M. Sternberg, Surgeon U. S. Army,

will proceed to the Island of Cuba for the purpose named in the letter of the Presi-

dent addressed to the Secretary of War April 17, 1888, and upon the completion of

this duty will return to his proper station and submit his report to the President.

The travel enjoined is necessary for the public service.

Wm. C. Endicoit,

Secretary of War.

By command of Major-General Schofield.

R. C. DRU.M,

Adjutant-General.
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INTRODUCTION.

The present report embodies an account of the researches made by

the writer in compliance with the foregoing orders.

My investigations in Brazil and Mexico, made in 1887, were in com-

pliance with orders received about the 1st of May, 1887, in which I am
especially instructed to complete my investigations by the 1st of

October of the same year. The following is a copy of this order

:

Wasuington, Ajyril 29, 1887.

Sir : Referring to tlie act providing for sundry civil expenses of the Government

for the year ending June 30, 1838, especially to the clause providing for the investi-

gation of yellow fever by inoculation, as follows : "And the President is further

authorized to use of the same unexpended balance a sum not exceeding $10,000 for

the purpose of investigating the merits of the method practiced in Mexico and
Brazil for preventing yellow fever by inoculation," you are hereby directed, under
authority of said act, to proceed to Kio de Janeiro, where you will collate the docu-

mentary and other evidence of the experiments by Dr. Freire. Having thoroughly
familiarized yourself with the claims of Dr. Freire, you will proceed in person to

inquire at the Jura-Jnba Hospital and such other places as may occur to you after

your arrival at Rio :

First. The source from which the culture supply is secured, which will involve

—

(a) The examination of the alleged germ as shown you by those engaged in the
business of inoculation.

(6) Verification of the cultivation aud process of attenuation adopted.
Second. The method of the inoculation, which you will see verified, if practicable,

on actual cases.

Third. You will report your opinion on the results attained by the process after a
Careful examination of the cases which have previously been subjected to inocula-
tion. In forming your judgment of these results you will take into consideration the
following points

:

(a) Personal characteristics of the patient
;

age, race, nativity, sex, previous sus-
ceptibility.

(b) The period since last inoculation; number of times exposed to the contagion.
Having completed this study, you will tlieu proceed to Mexico by the shortest and

most practicable route and investigate, in the same manner, the method of inocula-
tion practiced by Dr. Carmona y Valle, and the same method will he observed in
conducting the investigation.

While your attention is directed specifically to these points and details, with the
expectation that they will be carefully kept in view aud adopted for your Guidance
they are not intended to exclude such additional methods and means of investicra-
tion as your judgment may approve in the thorough and careful accomplish ment'of
the purposes of your mission.

In order that every facility may be afforded you for the prosecution of the workyou Will make known your errand to the United States minister at Rio de .Janeiro
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12 INTRODUCTION.

und the United States minister at the City of Mexico, respectively, and request them
to use their inihieacoiu procuring siicli access to tlie hospitals audsuch other sources
ot mformation as you may desire. You will refrain from making publication of your
investigations and the conclusions reached by you until you shall have submitted to
mo the completed report. You will forward your vouchers for traveling expenses,
from time to time, to the Supervising Surgeon-General of the Marine-Hospital Serv-
ice for payment, certifying the same before any consular officer where yon may be
at the time.

You will also make requisitions on the Supervising Surgeon-General for such scien-
tific appliances as may be necessary to accomplish the object of your journey.

It is expected that your investigation will bo completed by the 1st of October.

Gkoveii Clevkland.
Maj. Georgk M. Stkrnbkrg,

Surgeon, U. S. Army.

lu compliai)ce, with these orders I submitted a report to the President
in March, 1888, which is published in the annual volume of the Marine-

Hospital Service for 1889.

lu transmitting this report I say:

I have the honor to transmit herewith a detailed report of the investigations which
I have made in compliance with your instructions dated April 29, 1887.

The conclusions reached (MS., pp. 280 to 283) are definite so far as the methods of

inoculation practiced in Brazil and in Mexico are concerned, but uufortuuately the

question of the etiology of yellow fever is left in an unsettled state. The limit as to

time fixed by my orders, and the lact that the disease was not prevalent either in

Brazil or in Mexico at the time of my visits to those countries, have made it impossible

for me to make certain researches which I consider extremely important in connec-

tion with the subject under investigation.

The orders given me in April, 1888, were intended to afford me the

opportunitj'^ I desired for continuing my investigations during the epi-

demic season at one of the permanent centers of infection, but the time

was again limited through a misapprehension with reference to the

availability of the appropriation after the end of the fiscal year, and I

was required to return to my proper station and submit my report to

the President " on or before June25, 1888."

The report submitted in compliance with this requirement was a brief

one. At my request it was subsequently returned to me and is embod-

ied in the present report. In the autumn of 1888, yellow fever having

appeared in epidemic form in Florida and Alabama, I requested author-

ity to proceed to the infected district for the purpose of continuing my

investigations, and received the orders dated September 26, 1888.

I selected Decatur as the locality for my researches, rather than Jack-

sonville, because the comparatively small mortality in the last-named

city led some physicians to question the diagnosis, and because my

friend. Dr. Jerome Cochran, State health officer, was at Decatur, and

I was confident that he would do all that was in his power to aid me in

my scientific researches, an expectation which was fully realized.

Not having arrived at any definite conclusion as to the sjyecific cause

of the disease under investigation, I again asked to be sent to Cuba

during the epidemic season of 1889, and received the orders dated Feb-
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ruary 5, 1889, which did not restrict me as to time and enabled me to

suend the entire summer in Havana.
, „

The material obtained from thirty autopsies made in davana during

the past summer and the study of the vaiious microorganisms isolated

in my culture experiments have fully occupied my time since my return

from Cuba. x ^ i *.

I have now commenced writing a report because I feel that an ac-

count of what I have been doing during the past two years is due, and

not because I have brought my investigation to a successful termina-

tion, or because I feel that there is nothing more to be done.

No one can regret more than I do that the question of tlie etiology of

yellow fever is not yet solved in a definite manner, but I at least have

not to reproach myself with want of diligence or failure to embrace

every opportunity for pursuing the research. The difiSculties have

proved to be much greater than I anticipated at the outset. If the task

before me had been to find an organism in the blood, like that of relaps-

ing fever or of anthrax, or an organism in the organs principally in-

volved, as in typhoid fever, or leprosy, or glanders, or in the intestine,

as in cholera, the researches I have made could scarcely have failed to

be crowned with complete success. But this has not proved to be the

case, aud among the microorganisms encountered there is not one

which by its constant presence and special pathogenic power can be

shown indisputably to be the spe(iific infectious agent in this disease.

If I have cot succeeded in making a positive demonstration which

will satisfy the exactions of science I have at least been able to exclude

in a definite manner a majority of the microorganisms which I have

encountered m my culture experiments, as well as those which various

other investigators (Freire, Oarmona, Finlay, Gibier) have supposed to

be the specific cause of the disease. I shall endeavor to give an exact

account of the characters of these various microorganisms and of the

evidence upon which I feel justified in excluding them from considera-

tion from an etiological point of view.

While this is much less than I had aimed at and hoped for, I trust

that it will be considered ample compensation for the time and money
expended, and I am sure that the information obtained can not fail to

be of value in guiding future investigators in this field of research.

I desire here to quote the following paragraphs from a paper read at

the quarantine conference held in Montgomery, Ala., in March, 18S9,

just before my last visit to Havana:

I may say before going any further that my faith in a living infectious agent as

the specific canso of this disease is by no means diminished by niy failure thus far to

demonstrate the exact form and nature of this hypothetical "germ." The present
state of knowledge with reference to the etiology of infections diseases in general
and well known facts relating to the origin and spread of yollow-fevor epidemics
fully justify such a belief. The a jmori grounds for such faith I stated as long ago
as 1873 in a paper published in the American Journal of the Medical Sciences (July,
1873) ; and the progress of knowledge since that date has all been iu the direction of
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supporting this a priori roasouing. lU.t yellc.w fever is by no means the only infec-tious diseaso m wh.ch satisfactory evidence of the existence of a living inLtio.^agent .s s ill wanting. lu the eruptive fevers generally no demonstration has beenmade of the specihc etiological agent-at least none which has been accepted bycompetent pathologists and bacteriologists. Again, in the infectious disease of cattleknown as plenropnoumonia, notwithstanding very extended researches by compe-
tent investigators in various parts of the world, no satisfactory demonstration of thegerm has been made. The same is true of hydrophobia, in which disease we are able
to say with confidence the infectious agent is present in the brain and spinal cord of
animals which succumb to rabies; this infectious agent is destroyed by a tempera-
ture which 18 fatal to known pathogenic microorganisms ((55'^ C), and by various
germicide agents, yet all efforts to cultivate it or to demonstrate its presence in the
infectious material by staining processes and microscopical examination have thus
far been unsuccessful.

You are aware that my first effort to solve the etiology of yellow fever was made
10 years ago. As a member of the Havana yellow-fever commission of the National
Board of Health I had an opportunity to make researches which, in advance of the
effort, I fondly hoped might lead to a demonstration alike creditable to American
science and useful as a basis for preventive and curative measures in this pestilential
malady, which has destroyed the lives of so many of our fellow-citizens, and has so
largely interfered with the material progress of certain sections of the United States.
I knew from personal experience the malignant nature of the disease, and the futil-

ity of the various modes of treatment which had been resorted to in the effort to com-
bat it. It was therefore with the deepest interest as well as with strong hopes of
success that I went to an endemic focus of the disease to search for the yellow fever
germ. The recent (1873) demonstration of the spirillum of relapsing, fever in the
blood of patients suffering from this disease, and the recognized facts relating to the
etiology of anthrax, considered in connection with the current notions relating to
the pathology of yellow fever, led me to hope that the discovery would be an easy
one. I was familiar with the most approved methods of mounting and staining micro-

organisms, and was provided with the best high-power objectives that could be pro-

cured, tlae one-twelfth and one-eighteenth inch homogeneous oil-immersion object-

ives of Karl Zeiss, of Jena, Germany. Not only did I feel that I was equipped for the

recognition of any microorganism which might prove to be present in the blood, but
I was i^repared to iihotograph it, and thus to show to others what I might see in blood

drawn from the circulation of yellow-fever patients. You know the result of this in-

vestigation
;
ninety-eight specimens from forty-one undoubted cases of yellow fever

were carefully studied, and one hundred and five photographic negatives were made,

which showed satisfactorily everything demonstrable by the microscope. But no

microorganism was discovered. I shall presently show you upon the screen a photo-

micrograph of yellow-fever blood, made in Havana at the time mentioned, so that you

may judge of the performance of ray Zeiss one-eighteenth inch objective, and have

ocular evidence that no microorganism demonstrable by this magnificent lens was

present in it. I may say here that my culture experiments made in Havana last

spring, in which blood taken from one of the cavities of the heart as soon as possible

after death was introduced into various nutritive media, gave a like negative result.

Out of ten cases in which I made the autopsy, in the military hospital at Havana,

a development of microorganisms occurred in two only. In the exceptional cases I

obtained a bacillus which subsequent researches showed to be identical with a bacil-

lus constantly found in the alimentary canal of healthy persons—bacterium coli com-

mune of Escherich.

The absence of microorganisms from blood drawn from the finger during life or

from the heart after death can not, however, be accepted as evidence that there arc

no parasitic organisms anywhere in the tissues. Tlie bacillus of typhoid fever, for

example, is rarely found in the circulating ffuid, althougli it must be transported in
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the blood current to the various organs in which foci of growth are found which

contain numerous bacilli. Such foci are especially abundant in the spleen, but eveu

in this organ many thin sections may be made before a single focus of development

is eucountored.

Having failed to find the yellow fever germ in the blood, we may still admit that,

as in typhoid, it is perhaps ouly to be found in the organs priucipally involved in the

morbid process. This reasoning has led me to give special attention to an examina-

tion of the liver and kidney, both by the culture method and by the examination of

thin sections. Both methods have given me positive results so far as the occasional

presence of microorganisms is concerned, but both are in accord in failing to demon-

strate the constant presence of any particular organism. In my culture experiments

made in Havana last year the microorganism most frequently encountered was my
bacillus a, already referred to as found in two out often cases in cultures from blood

drawn from the heart. Naturally I have given much attention to this bacillus, and
it was only after an extended series of comparative experiments that I gave up the

hope that it might be concerned in the etiology of the disease under consideration.

These comparative experiments forced me to the conclusion that this is the same
bacillus as was found by Emmerich in cholera cadavers at Naples, and that it cor-

responds with the bacterium coli commune of Escherich.

In my researches by the method of staining thin sections of the tissues hardened in
alcohol I have encountered several different microorganisms, but no one of these
has been found in a series of cases. One, the bacillus of Lacerda and Babes, I have
found ouly iu material brought from Dr. Lacerda's laboratory in Brazil, and in two
ouly out of nine cases represented by material from this source. In one of my
Havana cases, in which the material was collected by my friend. Dr. Burgess iu
1887, a loug bacillus was found in the kidney, for the most part in the glomeruli. Iu
a case in which I made the autopsy in Havana last spring a micrococcus, grouped in
fours, was found iu the kidney.

Evidently, if any one of these microorganisms was found in a considerable series
of cases the fact would be decidedly significant," aud would afford presumptive evi-
dence that the parasitic organism found bore some relation to the morbid process
but even if one and the same microorganism was found in every case the final proof
in its etiological import would depend upon its isolation in pure cultures and the
production of the characteristic phenomena of the diseases in one of the lower ani,
mals, or in the absence of a susceptible animal, in man himself.
The method by cultivation is by far the most reliable for the demonstration of micro

organisms which will grow in our culture media, for isolated cocci or bacilli mio-bt
easily escape observation when present in small numbers, but would serve to start -i
culture Thus the bacillus of typhoid fever, which, as stated, is not as a rule foundm the blood of the general circulation, and is ouly found in tlie spleen in scatteredclumps, may be obtained from this organ, in pure cultures, almost without fail bv in-troducing a small quantity of splenic pulp into a suitable nutritive medium

'

Moreover, this method enables us to differentiate microorganisms which lo^k alikeand which by m.eroscopic examination alone it would be impossible to distinSone from another. This is a fact now well recognized by bacteriologists bufi o^generally appreciated by microscopists whose researches have been iLited to t^estaining and mounting of sections.
J^miiea to the

Both methods require skill and practice in the execution, and great caution in
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The same material is often massed in tlio urinary tubules in tbo form of plugs, which
are deeply staiued by the aniline dyes.

Again, fragmentation of nuclei of cells still in position may give the impression of
a cell containing cocci, and the karyokinotic iiguros found in the colls, especially in
the liver, often resemble bacilli so closely that it is diihcult to convince any one not
familiar with them that they are not microorganisms.
The " plasma cells" of Ehrlich, also, seem to have as their chief function the role of

deluding amateur microscopists into the idea that they have made a discovery. They
are often very abundant in the liver and in the kidney of yellow fever cases, and so
closely resemble zooglcea masses of micrococci that experienced pathologists have been
deceived by them.

In addition to these objects which resemble microorganisms there are dangers
from the post-mortem invasion of the tissues when the autopsy has been delayed be-
yond an hour or two, in the warm climates where yellow fever prevails, or even
in the preserving medium or during the process of staining.

My experiments made in 1883 showed that "exposure to 9.5 per cent, alcohol for 48
hours did not kill the bacteria in broken-down beef tea (old stock)," and pathologists

are familiar with the picture presented by the post-mortem invasion of tissues which
have been left in alcohol which was not strong enough to preserve them.

Finally, inasmuch as my culture experiments with material collected soon after

death from the liver and kidney gave a positive result in a certain proportion of

the cases, it is evident that the microorganism most frequently found by this method

—

my bacillus a—should occasionally be encountered in staiued preparations.

The possibility rem.Tins that by some method of staining not hitherto employed,

the specific infectious agent may yet be demonstrated iu the tissues ; but the fact

that my culture experiments with material from the liver and kidney of ten cases

failed to demonstrate any such specific microbe is opposed to this view. "We may, of

course, suppose that the yellow fever germ not only requires special methods yet un-

discovered for its demonstration in the tissues, but that it will not grow in the

culture media which I have employed in my researches. I would say in rei)ly to this

hypothesis that all known pathogenic microorganisms, may be demonstrated by the

staining methods employed, and that inasmuch as the yellow fever germ appears to

find a favorable nidus in filth beds external to the body, I have been inclined to be-

lieve that; like the bacillus of typhoid fever and cholera, it is not especially nice as to

the character of the medium in which it may develop. However, this may be a mis-

taken idea, and I propose in my future researches to make use of various culture

media not yet employed, and especially to make cultures from the tissues and the

excreta in an atmosphere from which oxygen has been excluded ; for it may be that

like the bacillus of malignant oedema and the bacillus of tetanus the yellow fever

microbe is auterobic.

Inasmuch as some of the readers of this report may not have at hand

the volume in which the report of my investigations in Brazil and in

Mexico is contained, I introduce here a paper read before the College

of Physicians of Philadelphia in April, 1888, and published in the

"Medical News" of April 28, 1888, iu which a summary of the results

of these investigations is given:

Gentlemen : You are aware that I have been engaged during the past year in an

nvestigation of the methods of inoculation practiced in Brazil and in Mexico, by

whichlt is claimed that protection against yellow fever is afforded. The subject is

one of such <rroat interest to the medical profession everywhere, and of such impor-

tance with reference to the sanitary interests of that portion of tho United States

subject to invasion by tho disease in ,,uestion, that Congress provided lor an luves-

ti.ration of the methods of inoculation practiced in Braz/il and in Mexico, lu the act
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providiD'? for tho civil exponsea of the Government for the year ending June 20,

1888.

Having been selected by the President to make the investigation referred to, in

conipliiiuce with my instructions I first proceeded to Brazil for the purpose of investi-

gatiug the methods of Dr. Doniingos Frcire, of Rio de Janeiro, and after my return

from that country went to Mexico to make a similar research with reference to the

value of the method of inoculation practiced by Dr. Carraona y Valle. My detailed

report was submitted to the President about a month ago, and by his permission I

am now authorized to make public the couclueions reached. As I am about to go to

Havana for the purpose of continuing my researches with reference to the etiology

and prophylaxis of yellow fever, I am glad to avail myself of the kind invitation of

the College of Physicians of Philadelphia, and to present to you, and to the profession

geuerally, the conclusions which I have reached up to the present date.

These conclusions are given as follows in my report, above referred to:

"Facts relating to tho endemic and epidemic prevalence of yellow fever, consid-

ered in connection with the present state of knowledge concerning the etiology of
other infectious diseases, justify the belief that yellow fever is due to a living micro-
organism, capable of development, under favorable local and meteorological condi-
tions, external to the human body, and of establishing new centers of infection when
transported to distant localities.

"Inasmuch as a single attack of yellow fever, however mild, protects, as a rule,
from future attacks, there is reason to hope that similar protection would result if a
method could be discovered of inducing a mild attack of the disease by inoculation
or otherwise.

"The hypothetical yellow fever germ, multiplying external to the human body in
unsanitary places in tropical regions where the disease is endemic, or during'tho
summer months in the area of its occasional epidemic prevalence, establishes infected
localities, and susceptible persons contract yellow fever by exposure in these infected
areas. We infer, therefore, a priori, that the yellow fever germ invades the system
by the respiratory tract, by the alimentary canal, or from the general surface of the
body, and it should be found in the blood and tissues, or in the alimentary canal or
upon the surface.

'

"Another possibility presents itself, viz: That the germ multiplying in insanitary
localities external to the body produces a volatile poison, which contaminates the
air, and that an attack is induced by the toxic effects of this potent chemical poison
The more or less prolonged period of incubation-two to five days-in numerous ca^esm which the attack has been developed after removal from the infected localitv
seems opposed to this latter hypothesis.
"In the light of what is known of the etiology of other infectious diseases, the hy-

pothesis that the g:erm really finds entrance to the body of the person attacked andmultiplies withm it, is that which presents itself as most probable, and it hardlvseems worth whi e to consider any other unless this is proved by a complete invest^gation not to be true In the latter event we would have to consider the possibilityof absorption through the respiratory tract of a volatile toxic agent, or throuoh hiskin of a poisonous ptomaine formed upon the surface of the body by a specific micro-organism which does not itself penetrate to the interior
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"There is uo eatisfactory ovidence that the aiothod of inoculation practiced bvDr
Doniinsoa Frciro has any prophylactic value.
"The claims of Dr. Carmona y Valle, of Mexico, to have discovered the specific cause

of yellow fever have likewise no sciontiQo basis, and ho has failed to demonstrate
the protective value of his proposed method of propliylaxis.

" It is highly important, in the interests of science and of public health, that further
investigations be wade by more exact methods, which have been perfected since
Drs. Froire and Carmona made their researches, and with which they were evidently
not familiar." ^

The failure thus far to find a specific micro-organism in the blood or tissues makes
it desirable that a thorough research should be made with reference to the micro-
organisms present in the alimentary canal, for it is possible that in yellow fever, as
in cholera, the disease is Induced by a microorganism which multiplies in this situa-
tion. Additional researches are also required before we can say definitely that there
is no germ demonstrable in the blood and tissues. Having exhausted our researches
by the method of direct examination, and by cultures from blood drawn during life
it is highly desirable that various culture media should be inoculated with material
taken, with proper precautious, from the various organs, and at the earliest possible
moment after death,*

I can not attempt to give you in detail, at the present time, the evidence upon
which the conclusions above stated are based, but it is recorded, in extenso, in my
report to the President, and will no doubt be published in due time. I shall, how-
ever, take advantage of this occasion to call your attention to some of the principal
facts upon which I base the unfavorable opinion expressed with reference to the
claims of Dr, Domingos Freire, of Brazil, and of Dr. Carmona y Valle, of Mexico.
Both of these gentlemen, as you are aware, have laid claim to priority in the discov-

ery of the specific germ of yellow fever, and both have practiced inoculations with
material supposed to contain their " microbe," having in view the production of a
mild attack of the disease, and subsequent immunity as a result of this attack.

Dr. Freire has, however, made a greater number of inoculations, and owing to his

numerous publications and very positive assertions his claims have received the most
attention. My conclusion that these claims are without scientific foundation may
seem to you almost incredible, in view of the extended researches which Dr. Freire

has made in a locality where yellow fever is endemic, and of the very favorable sta-

tistics which he has published in support of the value of his method of inoculation.

But I need scarcely remind you that the astonishing development of our knowledge

relating to pathogenic microorganisms, which has occurred during the past decade,

has been accompanied by numerous announcements of psuedo discoveries in this field

of research, and that much confusion has resulted from the premature publication of

experimental researches made by enthusiastic investigators not familiar with the

exactions of modern science, or with the exact methods by which alone security is

offered against such pseudo discoveries,

Dr. Freire insists in all his published works th9,t his cryptococcus xanthogeuicus is

present in great numbers in the blood and tissues of yeliow-fever patients. In his

principal work. Doctrine Microbienne de la fifevre jaune, published in 1885, he makes

the following statement:

"The microbe xanthogeuicus is a cosmopolitan; it does not select its domicile in

any organ and has no preference for any organic liquid. We have encountered it

with the same characters, the same opulence of proliferation, in the brain, in the

muscles, in the liver, in the spleen, in the kidneys, in the lungs, in the blood, in the

urine, in the bile, in the vomit, and even in the cephalo-rachidian lluid. However,

* The writer went to Brazil and to Mexico fully prepared to m.ake these experi-

ments, but, unfortunately, was unable to secure auy autopsies 4u either plaoo, and

the limit us to time iixed by his orders made it necessary to return to the United

^tate^ without having made these important researches.
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itis necessary to establish a well-drawn distinction as to the blood; ILe blood of tlie

general circulation sl.ows itself nuicb less charged with the microbes than the blood

of the capillaries. Thus, if I could admit any preference on the part of the microbe

xauthogenicus, I would say that it pleases itself better in the blood of the capillaries,

in the blood which bathes immediately the anatomical elements.

" The occasion seems to us a favorable one in order to call attention to some indis-

pensable precautions when the microbes of yellow fever are to be sought in organic

tolids and liquids. While it is extremely easy to perceive the presence of the microbes

of vellow fever in the urine and bile, for example, by placing a drop of these liquids

upon a glass slide, covering it with a thin glass cover, and examining it with a power

of 450 to 740 or 780 diameters, this proceeding can not be employed when the blood is

to be examined. If we proceed in this manner the globules will hide nearly all of

the microbes, and the observer will wrongfully conclude that they are very rare in

this oro-anic liquid. Not only does the form of the microbe offer a certain resemblance

to that^of the red corpuscles, but these latter in adhering together envelope the mi-

crobiau cells, and on the other hand cast upon the cells a jet of light which makes

them disappear from the field of the microscope.

" But if we dilute a little drop of blood in a pure solution of sulphate of soda and

place it under thp objective, the microbes become visible and will appear in consid-

erable quantity.

"It is likewise necessary to make a preparation previously for the examination of

the cerebral mass and of the muscles. They should be triturated in a sterilized mortar

and mixed afterward with distilled water entirely deprived of organisms, filtered

through fine linen which has been passed rapidly through the flame of an alcohol

lamp, and afterward a drop of the filtered liquid should be placed upon a glass slide.

If we withdraw a little piece of brain or of muscular fiber, even triturated, we will

not perceive anything abnormal under the microscope, unless it be the anatomical

elements more or less deformed by trituration.

" It is not the same for the liver. It suffices to withdraw a bit of this organ and to

crush it between two glass slides. Upon observing it under the microscope we perceive

at once a multitude of microbes. This is because in the muscles the microbes are

lodged between the fibrillse and in the substance which surrounds them ; and in the

braiu they are found in the interior of the nerve cells, which must first be destroyed

by trituration in order that their parasitic hosts may become visible."

Having made extended researches in Havana in 1879 and during the past year in

Brazil and in Mexico, I am able to assert most positively that no such microorgan-

ism as Dr. Froire has described is to be found in the blood and tissues of yellow-fever

patients. I have examined blood from numerous cases drawn from the finger during
life, both in the fresh condition, in preparations stained by various aniline colors,

and by culture methods, and I have studied with great care a large number of thin
sections of the liver and kidney, stained by the most approved methods, from a con-
siderable number of typical cases of yellow fever, without having encountered the
cryptococcus xauthogenicus.

As Dr. Freiro asserts that his microbe is especially abundant in the capillary ves-
sels, it should be easily demonstrated in thin sections of the various organs, made
aecundem artem.

As a matter of fact, my researches show that, as a rule, no microorganism demon-
strable by known methods of staining is to be found in such sections. But here I
must state that in certain cases microorganisms have been found. The one to which
tlie most interest attaches is that described by Babes. This was discovered in 1864,
iu material sent to Paris from the laboratory of Dr. Lacerda, in Rio de Janeiro. At
the time of my visit to Brazil my friend Dr. Aranjo Goes gave me material from
nine cases, which had been preserved in Dr. Lacorda's laboratory since the epidemic
of 1884, and after my return to Baltimore I examined sections stained by Gram's
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inotliod and with Loefflor's alkaliue solution of uiotbyline blue from all of these caaos.
I quote from my report as follows:

"In two of those cases I find in the capillaries of the liver and of the kidneys an
organism which has beeu described by Babes and by Lacorda, who found it in ma-
terial collected at the same time, and probably from the very same cases as tiiose in
which I now tiud it. This organism is a short bacillus, which occurs in chains, as
seen in Fig. 2, PI. iv.

*' In certain places, especially in the kidneys, it is found in the capillaries in great
unnibors massed together; in other places it is distributed more sparsely, as seen in
the figure."

Careful examination of specimens stained with Loefflor's solution shows that the
separate elements in these little chains vary considerably as to their length, and that
the ends are more deeply stained than the center. This appearance was no doubt
observed by Babes, who first described the organism in question, but he has inter-

preted it differently. He says :

" The filaments appear united and homogeneous with an amplification of 600 diam-
eters, but with a high power (l-12th hom. im., or No. 12 of Verick, which corresponds

with the l-18th of Zeiss) one can assure himself that these filaments are composed of

elliptical grains, almost cylindrical, arranged in pairs, forming little groups, in which
they are united by an intermediary pale substance. The filaments are thus composed
of diplococci, or, if one wishes, of very short rods with terminal spores."

Dr. Lacerda has described the organism referred to as in filaments which branch
dichotomonsly, and believes this branching to be a constant and distinctive charac-

teristic of the parasite which he accepts as the veritable yellow fever microbe. He
is without doubt mistaken. The apparent branching of the filaments which he has

described and drawn, and which he showed me in some of his preparations at the

time of my visit to Rio, is due simply to the accidental Juxtaposition of the torula-

like chains. He is also mistaken in supposing that this organism is only to be satis-

factorily demonstrated by Gram's method of staining. My friend Dr. Goes shared

this belief at the time of my visit to Rio, but I demonstrated to him the facility with

which the organism may be stained with a solution of methyline blue upon sections

which he made for me from material in Dr. Lacerda's laboratory. Since my return

to Baltimore I have made numerous sections from the same material (two cases out

of the nine), and find uo difficulty in staining the organism present in the tissnes

with methyline blue or with fuchsin. Dr. Goes also supposed that his failure to find

this parasite in all of the tissues which he had preserved since the epidemic of 1884

was due to the fact that the tissues had been kept too long. He thought that it was

most easily stained in recent tissues, and anticipated that when he had again an

opportunity to make autopsies he would encounter this microorganism iu the tis-

sues. I shall await with interest his report of his recent researches.

As already stated, I have not been able to find this microbe of Babes in the tissnes

of six undoubted cases of yellow fever sent to me from Havana, and examined most

carefully within six months of the date of the autopsies. Babes himself has reuouucd

the idea that this microorganism bears an etiological relation to the disease under

consuleration. In the second edition of Les Bactdries he says

:

"Since these researches we have had the opportunity to examine several series of

sections from yellow fever: First, the liver and kidney of two individuals dead from

this malady, collected by Dr. Alvarez, were examined in the Laboratory of Patho-

lo^rical Anatomy of the Faculty of Paris, without any bactwia having been found;

secoud, material from three cases of yellow fever which Koch was kind enough to

confide to one of us. In these three last cases, notwithstanding the most scrupulous

research and notwithstanding the advice of Koch, it was impossible to find tholittle

chains in the brain, the kidneys, the liver, and the spleen. We must suppose, then,

that in yellow fever, as in other infectious maladies, microbes are only found in the

parenchymatous organs in certain cases, and not in all. The question whether those
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niicro-organisms really constitute the cause <,f tl.o malady, or simply a complication,

is, consequently, not resolved." (Les Bact^^ries, p. 528.)

We would voinark that, in view of the negative results attending Bahes' more re-

cent researches and our own extended study of the tissues from six typical cases

occurring in Havana, there is no good reason for supposing that the above-described

microorganism boars an etiological relation to yellow fever. On the contrary, it

seems probable that its presence in material from a limited number of cases occurring

in Rio is either entirely accidental or is due to a secondary complication, perhaps to

some form of scpticiemia.

From what has been said and from Dr. Freire's own account of his method of trit-

urating fi-eah tissues to demonstrate his cryptococcns, the inference seems unavoida-

ble that in his researches made by this method ho has mistaken broken-up blood cor-

puscles and the granular ddbris of the tissue elements for microorganisms.

In his culture experiments he has, owing to a defective technique, encountered

micrococci of various kinds, and one of those, which he brought back with him from

Paris in an agar-agar culture, he presented to me as his yellow fever germ.

I brought a pure culture of this micrcroccus with me to Baltimore and have culti-

vated it during the past winter in various media. It does not correspond in its mor-

phology or mode of development with the Cryptococcus xanthogetiicus, as described

by Dr. Freire in his various published works, and, as stated, is not found in the blood

or tissues of yellow-fever patients.

In his principal work, published in 1885, Dr. Freire gives the following account of

the morphology of his cryptococcus :

" When we follow with care and attention the march of the development which

characterizes the germs which produce yellow fever we acquire the certaintj' that,

commencing to present themselves under the form of little points almost impercepti-

ble, they afterward gradually increase in diameter, until they attain considerable

dimensions ; so that these little beings, which, at the outset had the aspect of very

little grains of sand, not measuring more than 0.001 millimetre to 0.002 millimetre in

diameter, arrive, little by little, to such a development that they reach the dimen-
sions of 0.005, 0.007, 0.008 millimetre, and sometimes even more in certain conditions.

When they have attained the adult age these cells are broken at divers points, and
discharge their contents, composed of spores already formed, mixed with a viscous

substance of a yellow color, composed of a pigment and protoplasmic substance, and
of the liquids elaborated by the cells."

Even so recently as last year, in an address delivered before the Dosimetric
Society of Paris, Dr. Freire repeats this account of the mode of development of his
cryptococcus. He says

:

"Each adult cell is ruptured in one or several points, and allows the escape of its

contents, composed of germs which are to perpetuate the species, and two pigments,
one yellow, destined to infiltrate all thp tissues, and to produce the icteric color
which has given name to the malady; the other, black, insoluble, and destined to
be carried along by the circulatory current, producing either capillary obstructions
or blood stasis in the parenchyma of the organs."
Now this mode of multiplication is not known among the bacteria, and does not

occur in the micrococcus which Dr. Freire placed in my hands as his yellow-fever
microbe, which multiplies by binary division and does not dilier in its morphology
from a variety of microorganisms of the same class, which are extremely common in
.all parts of the world.

According to Dr. Freire's statement, the agar culture brought by him from Paris
came originally from the blood of a patient with yellow fever at the point of death
Now, as heretofore stated, I have demonstrated by the microscopic examination of

numerous specimens that, wheu proper precautions are taken no microorganisms
are found in blood drawn from the finger of yellow fever patients, and that no devel-
opment occurs in culture media inoculated with such blood. I infer, therefore that
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bhe micrococci, ofcc. fonml by Dr. Froiro in his cultures are due to the accidental
inlrodiictioii of niicroort-aiUHniH from witliont,, and espocially frnni the siirfaco of the
fui^n.,- (luring tiio collection of the blood. I may remark here tliat Dr. Freire's cul-
tures iu li(|uid media, wiiich were made before ho went to Paris, and which were
placed in my hands for examination, wore all impure, and contained several different
micro-organisms. I anppo.so that the micrococcus brought back from Paris was
isolated while he was there from one of those impure liquid cultnre-i, for I found uo
evidence that solid culture media had been used in his laboratory in Rio prior to the
date of his visit to Paris.

Nor did ho use, to auy extent at least, the well-known methods of staining bacteria
which are recognized by bacteriologists as so essential iu the study of these minute
micro-organisms. This is shown by the following quotation from his address, de-

livered in Paris, to which reference has already been made. He says:
" We know that in order to color a microbe it is necessary first to kill it and then

to wash the little microscopic cadaver by means of reagents possessing the power of

dissolving all matters foreign to its skeleton. At the outset I applied myself to the

study of the yellow fever microbe in a fresh state. I fed it with the best food

—

lea

meilleurs engrais—for the purpose of surprising tbe different phases of its evolution

from its birth to its death.

"Nevertheless, in fault of other accusations, some authors have reproached me
with not having colored my microbe. Alas ! what a miserable objection. Is it neces-

sary in order to affirm the existence of a microbe which swarms by millions in the

urine, in the bile, iu the blood, in the tissues, etc., is it necessary to mask them, to

disguise them under a costume of carnival, in order to please certain microscopists ?

M. Pasteur has never colored his microbes, and nevertheless every one admits the

existence of the bacillus of charbon, of the corpuscles of pdbrine, of the micrococcus

of fowl-cholera, etc.

"Do not think, gentlemen, that I fear the ai)plication of coloring processes to the

search for the microbe of yellow fever. Far from it. In order to show you that the

criticism which I have just made is not due to prejudice, I will say to you that such

processes have recently been employed upon the yellow-fever microbe with complete

success."

A character upon which Dr. Freire insists, even iu his address delivered in Paris in

April, 1887, is the formation of two kinds of pigment, one yellow aud one black.

From the first he has affirmed that the black color of the characteristic "black vomit"

is not due to the presence of blood changed by the acid secretions of the stomach, as

has been generally believed by those physicians who have studied the disease, but

that this color is due to a pigment produced by his cryptococcus. Now, I have had

the coccus which he gave me as his yellow fever germ under cultivation in various

media, during a period of several months, aud no black pigment has been produced.

On the contrary, the colonies in Esmarch tubes, and stick cultures in gelatine, or iu

agar, all have a milk-white color. In morphology this micrococcus does not differ

from some well-known aud widely distributed species. It liquefies gelatine quite

slowly, grows readily at a temperature of 18° to 20° 0. (64.4° to 66° P.), and, as stated,

forms no pigment.

The supposition that the micro-organisms present in Dr. Freire's blood cultures,

and iu those of various other observers who have discovered yellow fever "germs",

came from the surface of the body, aud not from the blood, is sustained by recent ex-

perimental researches upon the sterilization of the hands, made by Kummell and by

Furbringer.

These experiments show that it is not an easy matter to destroy all microorgan-

isms upon the surface of the body by means of a disinfecting solution, and that a

simple washing with bichloride solution of one-thousaudth does not usually insure

sterilization of the hands. Furbringer, after repeated experiments, recommends the-

following procedure : (1) Remove all visible dirt from the nails. (2) Scrub the hands-
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^vitl. Hoap and water by means of a brn.sh. (:?) Inunerso them for one minute in

stnn.s alcohol, at least 80 per cent. (4) While still wet imn.orse then, lor one nun-

iito in a 2 per cent, solution of mercuric chloride.
, , , , •

Less thorough treatment did not in Fnrbringer's experiments absolutely .ns.iro

sterilization. In the case of patients in hospital, the difficulty is often mcreased by

the fact that their hands are horny and begrimed with dirt which can only bo

removed by long scrubbing.
^i. +

Vr.th reference to Dr. Frcire's experiments upon animals, I can only say that those

„erformed in my presence failed entirely to demonstrate that the micrococcus brought

from Paris had any specific pathogenic power, and that I find no satisfactory evi-

dence in the record of similar experiments contained in his various publications that

he has ever transmitted yellow fever to rabbits or to guinea-pigs, as claimed.

I shall quote here a single experiment in which a fiital result occurred, and in

which as usual, Dr. Froire ascribed death to yellow fever resulting from the injec-

tion notwithstanding the fact that the material injected (blood) had been subjected

to a'boiling temperature for some minutes. My own numerous experiments show

that all ku"own micrococci are quickly destroyed by a temperature much below the

boiling point of water.*

Dr. Freire's account of this remarkable experiment is as follows :

" We must note that the microbe of yellow fever ofiers a remarkable resistance to

heat. The following experiment furnishes a demonstration of this

:

"On the 17th of April, 1883, we subjected to ebullition for several minutes a

gramme of blood containing the microbes. We injected it afterward into a guinea

pig, which had a temperature before the experiment of 38.5° C. (101.3° F.) in the

axillary region. The temperature followed this march the following days

:

April 18 ^ 39° C. (102.2° F.)

April 19 39°

April 20 39.1°

April 21 39°

April 22 38.7°

April 23 37.4° C. (99.3° F.)

"The animal died during the night of the 23d. Its autopsy showed the character-

istic lesions.

" It is necessary to push the temperature beyond 200° C. in order to destroy the

toxic energy of the microbe. As we have seen its virulence resists simple ebullition.

The microscope has shown that notwithstanding the boiling the microorganisms

retained their ordinary form and continued to execute all of their movements, a

proof of their complete vitality." (Op. cit., p. 217.)

I may remark here that the micrococcus presented to me by Dr. Freire as his yel-

low fever germ is killed by exposure for ten minutes to a temperature of 60° C, and
that it has no proper movements.

Dr. Frcir^8 protective inoc«Za<tows.—Having demonstrated that Dr. Freire's claim to

have discovered the specific cause of yellow fever is without scientific foundation, it

may bo thought that no further demonstration is required in order to show that his

preventive inoculations are without value ; for these inoculations are said to have
been made with cultures containing the attenuated microbe of yellow fever. Those
inoculations have, however, been made upon so large a scale, and the statistical re-

sults, as presented by Dr. Freire, appear so favorable to his method that it becomes
necessary to analyze these statistics ; and if, as ho claims, they establish the fact
that the mortality from yellow fever is very much less among those who have been
inoculated by him than among non-inocnlatod persons exposed in the same way, we
shall be obliged to concede the value of his method, although the rationale of the

* The Thermal Death Point of Pathogenic Microorganisms, Amer. Jouru. Med.
Sci., July, la87, pp. 146-160.
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protocfcivo infliienco may not be apparent. In my detailed report I have reviewed
at length Dr. Froire's statiHtios iu the light of tlie facts developed by ray personal
researches in the city of Rio de Janeiro, whore the inoculations were made. I can
not attempt to bring the evidence before you ac the present time, and I have already
stated to you my conclusion with reference to the matter. In support of this con-
clusion I shall, however, quote a few extracts from my report.
In 1884, Dr. Froire inoculated 418 persons whose names, ages, place of residence,

and length of residence in Brazil are given in an appendix to his principal work, pub-
lished in 1885. In regard to the evidence afforded by these inoculations, I have writ-
ten as follows

;

"We remark, first, that in selecting foreigners and preferably those who had re-

cently arrived in Brazil for his first experimental test as to the efficacy of his protect-
ive inoculations, Dr. Freire has given evidence of his confidence in the method of
prophylaxis proposed and of an honest desire to demonstrate its value, and nothing
could be more fair than his full publication of the names and of the essential facts

with reference to these persons.

"I must object, however, to his including in bis statistics the names of 37 persons

residing in Vassouras, a village which is some 50 miles distant from Rio de Janeiro.

Even if these persons had occasion to visit Rio during the epidemic season, as is stated

by Dr. Freire, it is probable that they would remain as short a time as possible, and
there is no evidence that they were fairly exposed to the epidemic influence. More-
over, if any of these persons had contracted yellow fever as a result of a visit to Rio

their names would not appear in the mortality list of this city, but in those of Vas-

souras, which are not given. The latter objection applies also to 14 persons among the

vaccinated whose place of residence is Nictheroy, a town upon the bay of Rio de Ja-

neiro, which is the capital of the ijrovince of the same name ; two persons vaccinated

at Tijuca, and one on board the bark Flive, two at Pavina, and three atSerraria must

also be excluded. This reduces the number of vaccinated persons within the city

limits to 355, and of this number a certain proportion no doubt left the city soon after

being vaccinated, and before any exposure worthy of consideration in a test of this

kind had occurred."

Dr. Freire admits that "during the epidemic season a great number of the vacci-

nated were attacked by the malady," but claims that these attacks were of a mild

character, yet he gives us the names of seven vaccinated persons who died from the

disease. This list has been added to by some of Dr. Freire's confreres, as will be seen

by the following translation of a letter published in one of the newspapers of Rio,

and bearing date May 5, 1887. This letter is signed by Dr. Araujo Goes, at present a

member of the Central Board of Health, and a gentleman whose statements are worthy

of the fullest confidence

:

"My letter to the Imperial Academy of Medicine having been published, it now

behooves me to publish the statistics relating to the vaccinations on Morro da Viuva.

"One fact seems tome to be definitely demonstrated, that \s the ivorlhlessness of

Dr. Freire^s vaccination, as is well known to the medical profession of this city,

"A year ago I wrote the following:

"The want of skill whicb he displayed in his first experiments, the false conclu-

sions which he has drawn therefrom, and the thoughtless precipitation with which he

has hastened to make known incomplete results without accompanying them with a

single qualifying remark vitiate all the methods to which he may hereafter resort to

corroborate his statements. (Journal do Commercio, April 20, 1883.)

"The mortality among the persons vaccinated on Morro da Viuva furnishes one

more proof that I was right in saying this, as I now proceed to demonstrate.

"There were vaccinated in this district 60 persons.

"Sixteen removed shortly after the commencement of the epidemic, and 44 re-

mained exposed to its influence. Of these 22 had yellow fever, 9 of whom died.
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" Tho following is a liHfc of thova(!c,iiint,mlpm-8on8 who had tho fever, the names

of those who died hoing niiukod with an astoiislf

:

Maiioel Joaquin Pereira Lopes.

Manool Gomes de Azevedo.

Manoel Antonio.*

Seraphim Goncalves Eaymuudo.

Manoel Simoes.*

Tliomo Simoes.

Manoel da Silva Alves.*

Antonio Pereira Neves.*

Joaquim Martins Pinheiro.*

Joaquim Antonio dos Santos Cardoso.

Antonio do Oliveira.*

Antonio Bcnto da Silva,

Albino Francisco Maia.

Jose da Silva.

Joaquin Pereira da Sonza.*

Joaquin Gomes do Azevedo.

Joaquin Ferreira ToUio.

Jose Seahra dos Santos.

Jose de Sonza Ferreira.

Jose Gomes de Azevedo Junior.

Jose Faiinha.

" Consequently, of tho 44 vaccinated persons who remained in the locality, 22, that

is 50 per cent., had the yellow fever.

" Of the 22 patients, 9 died, that is 40.9 per cent.

"In the Jurujuba Hospital, which receives scores of patients already dying or in

the third stage of the disease, the mortality is only 21 per cent."

After reviewing all of the evidence ohtaiuable relating to the inoculations jjrac-

ticed in 1883 and 1884, I say :

"The evidence above recorded seems to the writer to be convincing as to the com-

plete failure of Dr. Freire's proposed method of prophylaxis as practiced in 1883 and

in 1884. We cannot, however, leave the question here, inasmuch as a modification

of the method was adopted in 1884, and a large uumher of persons have been since

inoculated by this modified method. Dr. Freire says in his report under considera-

tion: 'I have employed in nearly all of the vaccinations the endermic method, snd
it is only recently that I have injected into twenty persons the same cultures by the

hypodermatic method. » » * I shall hereafter give the preference to the last

mentioned method, because one is more sure that the liquid employed goes to exer-

cise its preservative influence.'

"

In 1885 Dr. Freire resumed his inoculations on a larger scale, but instead of select-

ing uuacclimated strangers, those iuoculated were for the most part natives of Brazil,

or Portuguese who had lived for a number of years in Rio and who had passed through
one or more epidemics. A considerable number of negroes were also inoculated aud
included in the statistical tables. With reference to Dr. Freire's statistics for the
year 1885 I quote from my report as follows :

"Dr. Freire has omitted to state one very important fact with reference to the
vaccinations practiced during the period included in this tabular statement. The
date of the vaccinations is not given. Fortunately I am able to sup[)ly this omission
from his journal containiug the names of the vaccinated, which he kindly placed in
my hands during my stay in Rio. I find from this record that the inoculations were
practiced as follows

:

January 392
February 342
March

^ yj-j^

April
133

May 273

813
J°^y

481

"Now it is well known that June and July are months during which yellow fever
does not prevail in Rio, aud that in fact the month of May furnishes, as a rule, but
few cases.

"The exposure even in an epidemic year amounts to very little during the months
ot May, Juue, and July, and may be considered practically nil in a year like 1885,
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when the whole mortality was only 278 in :i city of 400,U00 inhahitants. But -Dr.
Frcire lias included in his list l,2!)l pcrsonH who wore vaccinated durin;,' the heal thy
winter months of June and July, and who presumably had been exposed dnrin-r the
procediiif.- comparatively unhi!altiiy m -nths of January, February, March, and April.
If these l,2i)l individuals were protected from an attack of yellow fever by the in-
oculation practiced in June or July, what protected them from being attacked dur-
ing the preceding months when yellow fever was prevailing to some extent?
" We remarked with reference to those persons selected for vaccination in 1883 and

1884 that 'in selecting foreigners and preferably those who had recently arrived in

Brazil for his first experimental test of the efficacy of his protective inoculations
Dr. Frcire has given evidence of his confidence in the method of prophylaxis pro-
posed and of an honest desire to demonstrate its value.'

"In his inoculations practiced in 1H85 we no longer find any evidence of such selec-

tion, and so far as we can judge the vaccinated persons simply represent the average
population of the city of Rio. It is well known that this population includes a largo

number of persons of foreign birth and especially of Portuguese. The whole foreign-

born population probably does not fall below 100,000 persons, but I have not been
able to obtain any exact statistics with reference to this point. Dr. Freire vacci-

nated 2,186 natives and 865 foreigners. Let us assume for the present that the 1,760

persons vaccinated by him during the mouths of January, February, March, April,

and May were comparable, so far as the susceptibility to yellow fever is concerned,

with 300,000 of the population ot Rio. In this estimate we exclude 100,000 of the pop-

ulation on the supposition that this number may have enjoyed immunity as a result

of having suffered an attack of the disease, 278 deaths in a population of300,000 gives

jess than 1 death iper 1,000, and there should not have been over 2 deaths among the

1,780 persons inoculated by Dr. Freire during the months of yellow fever prevalence.

" Let us look at the matter in another light. Dr. Freire gives the following table,

showing the length of residence in Brazil of the foreigners inoculated in 1885

:

For a few days. • 26

For a few months 71

From 1 year to 1 year and a half 69

Two years - • 107

Three years 98

Four years » I'^^G

Five years • lO-^

On board ship (de passage) 9

More than 5 years

Total 8^55

" Those figures also include the foreigners vaccinated in the healthy months of June

and July and those temporarily in the city (a few days, 26, on board ship, 9), but they

will serve our present purpose, which is to call attention to the fact that 7.59 of the

total number given had been in Brazil (and presumably in Rio) more than a year and

a half and had consequently passed through the preceding epidemic year (1884) with-

out contracting yellow fever. If these persons resisted yellow fever during an epi-

demic in which the number of deaths amounted to 1,597, how can it be claimed that

they are protected by a vaccination made in 1885, when only 237 deaths occurred,

scattered about (sporadic) in a city of 400,000 inhabitants ? The same argument ap-

plies with greater force to the 359 foreigners inoculated, who had resided in Brazil

for 5 years and above (5 years, 103, more than 5 years, 256). Unless the list includes

persons who had already suffered an attack of yellow fever, these individuals had

passed through the epidemic of 1880 (1,623 deaths), as well as that of 18b.? and 18b4,

without contracting the disease, and we can hardly ascribe their immunity in the

comparatively healthy year, 1885, to Dr. Freire's inoculation."
n,^,ni^us

I pass now to the year 1886, during which Dr. Freire inoculated 2,. 63 Brazilians
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ami 710 foreigners, again incl.uling in hi8 statistical tables those vaccinated after

the epiaenuc season ha.l passe.l. In reviewing these statistics I remark as ollows

" We have nnote.l this last report of Dr. Frciro in exienso .n order to do him fnll

iutice by alloNving hin. to state his own case. We shall now proceed to show that

his statistics are fallacious, and that the percentage of mortality among the vacc-

nated which he finds to be ten times less than among theuon-vaccinated, results Irom

a'misuso of the statistical method and from a number of factors, which are favor.-ible

to Dr. Froire's statistics as he has stated them, but not to a fair test of his method

of prophylaxis. xi

" In the tirst place we would call attention to the fact that while during the com-

paratively healthy year, 1885, the immunity among the vaccinated of that year is

said to be complete (see report of 1835), the number of deaths during the epidemic

year which followed is stated by Dr. Freire himself to have been 8. Taking all of

the vaccinated of the two years, and without making any allowance for the consid-

erable number of persons vaccinated who had, no doubt, left the city before the

epidemic of 1886 occurred. Dr. Freire, with a total of 6,524 vaccinated, and a total of

8 deaths, makes the proportion one per thousand. This is equivalent at the outset;^

to an addition of 1,476 person to the number vaccinated, who being imaginary per-

sons and not having been exposed to the epidemic influence simply aid in rounding

up the general percentage of mortality in Dr. Freire's favor to the even figure of one

per thousand. This is but one of many factors which go to make this favorable

showing. Reference to Dr. Freire's MS. journals, which he kindly placed in my

hands, shows that of the total number vaccinated during the two years, 4,465

were vaccinated prior to the epidemic of 1866; that is to say, before the 1st

of January, 1886. How many of these left the city before the outbreak of

the epidemic, how many were only temporarily in the city when vaccinated,

how many died from other diseases I can not say; but it is a significant fact

that of the 3,051 vaccinated prior to August, 1885, Dr. Freire has only one fatal case

to report, while out of 460 persons vaccinated in January and February, 1886, he

reports 5 deaths, a mortality of more than 1 per cent., which he gives as the general

mortality among the non-vaccinated. This is not apparent from his own statement

of the case, but is nevertheless true, as I shall proceed to show. In his report, which

we have just given in full, he does not give the date of the vaccination of these in-

dividuals, but upon referring to his MS. journals for 1886 I find that No. 3 of his

list, Jos6, son of Jos6 da Costa Vieira, was vaccinated February 12, 1886 ; No. 4,

Paschoal Ruffino, on the 6th of February, 1886 ; No. 5, Henri Constance, on the Ist

of January, 1886 ; No. 6, Fernando Argenteiro, on the 20th of February, 1886, and

No. 7, Antonio Saraiva, on the 12th of February, 1886. The same MS. record for

1886 shows that during these two months—January and February, 1880—the total

number vaccinated by Dr. Freire was 460. That is to say the mortality among those

vaccinated during these two months was more than 1 per cent. On referring to

tlie mortality list of the city for the same two months I find the total number of

deaths to have been 369, which in a total susceptible population of 160,000 (Dr.

Freire's estimate) would give a mort.ality of 1 in 436."

Time will not permit me to extend any further this analysis of Dr. Freire's statis-

tics, and I must refer you to my complete report for additional details, and for an
account of my personal investigations in Rio de Janeiro. Nor can I occupy any
further time in an account of the inoculations practiced by Dr. Carinona y Valle, of
Mexico, and of his alleged discovery of the specific cause of the disease under con-
sideration. A simple perusal of Dr. Carmona's published work is sufficient to con-
vince any competent bacteriologist that owing to a defective technique and inexperi-
ence in bacteriological researches, he has fallen into serious errors of observation
and of inference, and that his supposed discovery hau no scientific basis.
From what has been said, it will be seen that the question of yellow fever etiology

Is still unsettled, and that it remains, in fact, just where it was left by the commrs-
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sidii sent to Havana in 1B71) by tho Nat ional Board of Health. Tho resoarclics made
by myself aa a monibor of that conunissioii sliowod that in yellow ievor tluiro is no
microorganism prosent in the blood of tho Hick demonstrable by the hif^hest powers
of the microscope. This conclnsion is snpported by my more recent reaoarches by
the method of cultivation. Before, however, abandouinff all hope of finding a si)eciric

" microbe " in the tissues, 1 desire to make cultures from the various organs, obtained

at the earliest possible moment after death. Unfortunately, the opportunity did not

oiler itself for this important ex]3eriment during my visit to Brazil and to Mexico

last year; but I hope to have the desired opportunity in Havana during the presenl

summer, and shall also give special attention to a search for the yellow-fever germ
in tho alimentary canal, where it may possibly be located, as is the case in cholera.

It is true that the clinical history of the disease does not especially point to this

location ; bnt in a research of this nature it will uot answer to reject any possible

hypothesis because of preconceived opinions, and inasmuch as tho present state

of scieuce justifies a belief in a specific microorganism as the essential agent in the

etiology of this disease, it is imperative that the investigation be continued until

success crowns our efforts.

Ill a report submitted to the President in March, 1888, and published

in the annual volume of the Marine Hospital Service for 1889, full de-

tails are given of ray investigations made in the City of Rio de Janeiro,

and those who desire fuller information with reference to Dr. Freire's

"protective inoculations" are referred to this report.

The summary statement above quoted, which was published in the

Medical News of Philadelphia, gave great offense to Dr. Freire and led

to the publication of a pamphlet entitled " La Mission de Dr. Sternberg

an Bresil," in which I am accused of incompetence, myopia, and improper

conduct in the prosecution of the mission with which I was charged by

the President of the United States.

With reference to ray eye-sight I raay say that I have never been

myopic, but that on the contrary I wear glasses to correct the presby-

opia common to persons of my age.

Whether Dr. Freire's other charges have any better foundation 1

must leave to the judgment of those who raay think them worthy of

attention.

To answer the violent attack Which he has made upon me in detail

would be a waste of time, but I take the liberty of introducing here the

postscriptum to ray published report above referred to, in which I

have shown how little foundation there is for his claim that his alleged

discovery has been confirmed by other observers.

POSTSCRIPTUM.

Baltimore, Seplemler 23, 1889.

In his attempt to neutralize the force of my evidence and to establish his claim to

have dLrovered the specific microbe of yellow fever, Dr. Domingos Fre.re has re-

trod to the observations of Babes, of Fiulay, and Delgado, of Gererd and of Rang ,

t CO firming his own. As a matter of fact, the observations of the gentlemen e-

ferred toTv! no support whatever to this claim, inasmuch as none of them have d^

scribed an;thing corresponding with the CnnHococons .antko,.ncus, or even wrth the

niicrococcus which he presented to me as his yellow fever gerui.
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Thus the mlcroOrganisra found by Babes in material sent to him from Dr. La-

cerda's labaratory in Rio de Janeiro is a sborb bacillus, arranged in chains, and not

a micrococcus. Babes himself has reported his failure to lind this bacillus in material

from other sources, and his researches show the absence of Frcire'3 micrococcus in

the material examined by him, as this is easily stained by the aniline colors, and if

present could not have escaped the observation of so accomplished a microscopist

and bacteriologist. In the second edition of "Les Bact(5ries," Babes says:

" Since these researches we have had the opportunity to examine several series of

sections from yellow fever : First, the liver and kidney of two individuals dead from

this malady, collected by Dr. Alvarez, were examined in the Laboratory of Patho-

logical Anatomy of the Faculty of Paris, without any bacteria having been found

;

second, material from three cases of yellow fever which Koch was kind enough to

confide to one of us. In these Inst three cases, notwithstanding the most scrupulous

research and notwithstanding the advice of Koch, it was impossible to find the little

chains in the brain, the kidneys, the liver, and the spleen. We must suppose, then,

that in yellow fever, as in other infectious maladies, microbes are only found in the

parenchymatous organs in certain cases, and not in all. The question whether these

micro-organisms really constitute the cause of the malady, or simply -a complication,

is, consequently, not resolved."

The extended researches of my friend, Dr. Carlos Finlay, of Havana, also give no
support to Freire's claims hiasmuch as the micrococcus in tetrads, which has especi-

ally engaged his attention and which for a time he believed to be the specific etio-

logical agent in the disease under consideration, is entirely distinct from the micro-
coccus of Freire. Finlay's Micrococous tetrageuus fehris flavce, which I have called
Microccocoiis tetragenus versatilis, a name which he accepts, is a large coccus in tetrads,
which diflFers essentially, both in its morphology and in its growth in culture media,
from the micrococcus of Freire. This I can assert most positively, as I have had
authentic cultures of each, given me by the gentlemen themselves, under continuous
observation for nearly two years.

Moreover, I have made extended culture experiments in Havana during the past
two years, which show conclusively thatneither of these micrococci is present in the
blood of yellow-fever cadavers, withdrawn from the heart or liver shortly after death.
In one case only out of thirty-five autopsies in which I have made cultures from the
liver, I have obtained the '<tetragenus" of Finlay, and I have not encountered the
microccocus of Freire in a single instance. On the other hand, I have obtained both
of these cocci in cultures from the surface of the body of patients in the hospitals
of Havana, and the "tetragenus" is one of the most common microorganisms
encountered in such cultures, whether made from the surface of yellow-fever patients
or those suffering from other diseases.

With reference to the observations of Gererd it Is evident from his own account
that if he encountered micrococci they were associated with spore-formin"- filamen-
tous bacilli, and that he was entirely unfamiliar with this class of microorcranisms
As he IS not known as a bacteriologist and has not given a detailed account of his
methods of research, no scientific value can be attached to his observations lu atrausla ion of his report made by Dr. Wolfred Nelson and publishcdin the CanadaMedical Record of July, 188(3, I find the following account of the morphology of themicro-organisms encountered by him: •

"In the month of June, 1882, in a report to the superior agent of the IntcroceanicCanal Company resident in the city of Panama, South Aml^rica, I had the honor oinform h.m that I had found in the blood of yellow fever patients some micro-scopic organisms, some filiform, others resembling a string of beads fchailfsTlastly brilliant little bodies
; that the organisms'were o^Z^^^:^:^ "dcould thus servo as elements for dia-rnosis

appearance and

and^fbHrTn*''^^'
^"'^ '""""^

^ ^"'^^'^•'c^ed in isolating the microbesa,nd obtamed them in great quantity without the human body by artificial ritWa'tion, in hquKls suitable for their nutrition and reproduction
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I was then enabled to study the mode of existence of the microbes If oneobserves the filiform bodies attentively for a given time he perceives in their trans-parent and homogeneous substance a series of small corpuscles that reflect liuht morethan the other parts of the microbe. Little by little these corpuscles arrange them-
selves around a central axis or core, giving the organism the appearance of a string
of beads, chaplet. (This French word signihes the string of beads ' told ' by devout
Catholics while praying.) Soon other changes folio ^v, the string-like formation sep-
arates, and m place thereof nothing remains but a nuiss of brilliant little points
The size of the little points la about the thousandth of a millimetre. These corpuscle
germs have great resistance. They do not perish hy drying, and can after many yearn
serve to propagate the disease hy regenerating the filiform bodies lohcn placed under fav&r-
able conditions."

Compare this with Dr. Freire's account of the morphology and mode of develop-
ment of his Cryptococcus xantrogenicus. In his principal work, published in 1885,
he says:

*

"Wheu'we follow with care and attention the march of the development which
characterizes the germs which produce yellow fever, we acciuire a certainty that,
commencing to present themselves under the form of little points almost impercepti-
ble, they afterward gradually increase in diameter until they attaiu considerable
dimensions; so that the little beings, which at the outset had the appearance of
little grains of sand, not measuring more than O.OOI""" to 0.002'""' in diameter
arrive little by little to such a development that they reach the dimensions of
0.0U5, 0.007, 0.008'"'" and some times even more in certain conditions. When
they have attained the adult age these cells are broken at divers points and
discharge their contents, composed of spores already formed, mixed with a viscous
substance of a yellow color, composed of a pigment and protoplasmic substance, and
of the liquids elaborated by the cells."

In an address delivered in Paris in 1887, Dr. Freire repeats this account of the mode
of development of his cryptococcus. He says :

"Fach adult cell is ruptured at one or several points and allows its contents to

escape, composed of germs which are to perpetuate the species, and two pigments
one yellow, destined to infiltrate the tissues and to produce the icteric color which
has given name to the malady ; the other black, insoluble, etc."

Dr. Raug6, a medical officer of the French navy, whose researches have been re-

peatedly referred to by Dr. Freire as confirming his own, says in his report:

"Unfortunately for our researches we did not possess high powers. I could not ex-

ceed 540 diameters, and I had no coloring matters for isolating the microbe in the

blood according to the method of Ehrlich; therefore I only give these details with

reserve. The figured elements which we have drawn were met with in the black

vomit of man, the contents of the stomach of guinea pigs, in the cultures of blood and
in condensed watery vapor, but in less number. They are agglomerations of cells,

some round with a central nucleus; beside these, and witii a more considerable de-

velopment, we met with elliptical cells having the dimensions of a blood globule,

and with a nucleus near one of the extremities of the greater diameter. These cells

were found in groups of two or three, joined by the extremity conitaining the nucleus.

This approacbed the periphery lijttle by little j »t this moment one observed a slight

swelling, a sort of bud, which separated from the cell which had given it birth. Be-

side these elements one finds others iu the form of rods, large and short, not branched.

These bacilli sometimes contain granules. We believe that they come from the ellip-

tical cells, for wo have followed under the microscope the phases of their tiausfor-

matiou. But the absence of a didactic treatise, the absolute absence of bibliographic

resources, prevents us from making any positive affirmation with referouco to these

micro-organisms."

Notwithstanding tiie very just conclusion above reached. Dr. KaugiS, at the end of

his memoir, says

:

"Ju uniting these various results, shall we conclude that there is a bacillus of yol-
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low fover, bacillus ictoroid, and that it is possible to find a vaccine? We believe it

TS'itbout affirming it."
• . 4. *i

The above quotations will suffice to show any well-informed bactenolosisb that the

claim of Dr. Freire does not receive any support from the observations of the gentle-

men mentioned, whereas several competent bacteriologists have reported their failure

to iind his "cryptococcus" or any other micro-organism in the blood.

Dr. Paul Gibier, who went to Havana in the expectation of finding what Froire had

described, made researches by approved bacteriological methods and reports an en-

tirely negative result. In a communication to the French Academy of Sciences he says

:

"Havana, January 22, 1888.

"At the commencement of the year 1887 Dr. Domingos Freire, professor in the

faculty of medicine of Rio de Janeiro, came to Paris in order to present to the scien-

tific public his studies upon yellow fever. M. Frdire was presented to me by Dr.

Kebourgeon, who had studied this malady with him in Brazil. The laboratory of

comparative pathology of the museum was open to these savants, who resumed the

experiments the results of which had previously been published by M, Freire. I was

requested by M. Freire to examine the cultures which he had brought with him and

to treat them by the new bacteriological methods, which had not yet been applied

in his researches. After these investigations, made in common, M. Freire had the

kindness to associate me in a communication which he made in his own name and

that of Rebourgeon to the Academy of Sciences during the month of March, 1887.

"Since, and as a result of this communication, I received from the minister of

public instruction the mission to go and 'study yellow fever in the countries where
it prevails habitually, and the prophylactic measures which may be opposed to this

malady.' In the early part of November, 1887, I disembarked at Havana, where the

yellow fever still shows itself at this epoch in the so-called sporadic form.

"I give as succinctly as possible the results of my first investigations, which were
made in the hospitals of Havana.

'^Novemlei- 16.—Among several cases of yellow fever I chose that one which ap-

peared to me to be the most grave in order to collect blood and urine, Fifth day of
sickness: Fever, albuminuria, black vomit, etc. Fatal case,

" November 17.—In an autopsy practiced about 8 hours after death, I collected
blood from the left ventricle and from the right auricle. * « *

"iYoym&er27.—Among several cases examined I collected, from the most severe,
blood and black vomit. Fatal case.

"Deceniter 14.—Case in fourth day of the disease; Albuminuria; collecied blood,
urine, and black vomit. Recovered.

"Decmfcer 22.—Clinical examination of a severe case? Abundant black vomit,
buccal hemorrhage, etc,; 23d, autopsy of this case made 2 hours after death; col-
lected blood from the heart. * * »

"In order to avoid useless repetition I will detail in a general way the methods
pursued in the examination of the liquids collected, with the precautions usual in
bacteriological researches.

"In each case several preparatious of blood were examined in a fresh condition,
then dried and stained

; the same method was pursued with the urine and the black
vomit.

"Inoculations, by numerous punctures, were made in agar-agar jelly with blood
urine, bile, and serum from the pericardium. » * * Numerous thin sections of
the various organs were also made ; these wore stained with a view to demonstrating
the presence of microbes.

" Hesulta obtained.-l am ohliged. to confess here, however much it may cost mo
that my results contradict in an absolute manner the facts advanced by M. Dominuos
Freire, from whom I have the regret, as well as the duty, to separate myself.

" The Mood.—In a great number of preparatious, fresh or colored, it has been im-
possible for me to verify the presence of micro-organisms. The cultures, repeated a
greq,t number of times, j-emainod sterile,
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" The %rine, treated in the same munuer as tlie bloocl, has constantly given a nega-
tive result.

"The pericardial liquid and the bile,, like the blood aud urine, did not contain
micro-organisms. I have found that even in the gravest cases seen by me the blood
examined by the microscope did uot present any appreciable trace of alteration of
its elements.

" The numerous sections which I have made of the dififerent viscera also have failed
to show me the presence of microbes."

Dr. D. Tomayo, of the bacteriological laboratory of the "Crdnica Mddico-Quirur-
gica," of Havana, has also reported a negative result in his repeated examinations
of blood drawn from the finger during life. liis evidence is valuable both because
he is a competent and conservative bacteriologist, having been instructed in the
methods of research in Pasteur's laboratory in Paris, and also because he gives a
detailed account of his method of collecting blood, which shows that he took ex-
traordinary precautions to prevent accidental contamination or his cultures.

We quote from his paper published in 1888 as follows;

" Analysis of the Mood in yellow fever,—In collecting blood we have pursued the
following technique : We have carefully washed the finger with soap and water;
after that we have passed it through a hole made in a piece of impermeable linen a
foot square ; we have then washed the finger with ordinary alcohol, and afterwards

with a solution of bichloride of mercury, and finally with a mixture of ether and
absolute alcohol. We have also washed the isolating linen with a solution of bi-

chloride and have covered it with a layer of glycerine. This done we isolated the fin-

ger in a little glass tube (cloche de cristal), which had been washed with the sublimate

solution and well heated. By this comiJlicated technique wo have endeavored to

thoroughly cleanse the skin, to remove all grease and every microbe which might be

in its folds aud furrows, aud thus to avoid infection by atmospheric germs. Then we
sterilized a lancet in the flame of an alcohol lamp, punctured the skin, and allowed

the first drop of blood which presented itself to escape, using only those drops which

came later, aud that at the moment of their appearance. Following this proceeding

we have made ensemen cements, either with the platinum needle or with sterilized

pipettes, in agar- agar jelly, in peptonized gelatine, and in bouillon. We have also

examined the blood collected in this way in the artificial serum of Malassey, filtered

and sterilized, and lastly dried by the method of Koch. The patients from whom
we obtained blood were in the third and the sixth day of the disease; in another

case the blood was collected at the moment of death. Up to the present time the

cultures in agar-agar, in gelatine, and in bouillon contained in Pasteur flasks have

remained sterile."

THE MICROCOCCUS TETRAG15NUS FEBRIS FLA.VM OF DRS. FINLA.Y AND DELGADO.

My friend, Dr. Carlos Finlay, of Havana, is a most enthusiastic and industrious

investigator, but like many other pioneers in bacteriological research at a distance

from the centers where the modern exact methods had their origin, at the time of

making his first publications he was not familiar with the methods of isolating and

differentiating microorganisms, and fell into the usual and almost inevitable errors

of inference as to the source and genetic relations of the various microorganisms

encountered by him ju his earlier researches. He has since made himself familiar

with the methods referred to, and no longer insists upon the etiological relation of

this micrococcus to the disease under consideration. I give below a letter received

from him shortly before my departure from Havana:

"Havana, August 29, 1889.

"My Dear Doctor: I send yon a copy of therdsumdof our investigations during

the year, May, 1868-'89, which Dr. Dolgado and myself presented at the beginning

of the year Yon will see that wo did not claim to have demonstrated that our tet-

ragenus was the actual germ of yellow fever, but merely that in our recent investi-
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gations carrie(T ont witli methods which we deemed to bo reliahle, wo had again

found the same microorganism in yellow fever finger blood and in blister serum,

and also in cadaveric products of two yellow fever autopsies. We likewise ex-

pressed the hope that you would undertake comparative experiments in order to

determine, first, whether it was a fiict that by the culture methods which we had

described our tetragenus could be demoustralod in most of the products collected

during life from yellow fever patients; and, second, whether that microorganism is

exclusively found in such patients.

"I am aware that the results of three samples of yellow fever blister serum and

seven samples of blister serum from acclimated subjects have given a negative an-

swer on the second point. Yet I can not wholly divest myself of the suspicion that

the greater frequency with which we have found tlio tetragenus in our yellow fever

cultures (from material collected during life) may hiiva some significance, even ad-

mitting, as I do, that before any etiological importance could be claimed for it, quite

a number of serious objections would have to be encountered, besides showing that

it is not to be found in localities where yellow fever is unknown.
"I remain, my dear doctor, yours very faithfully,

"Carlos Finlay.
" Dr. G. M. Sternberg, U. S. Army, Havana."

As already stated, I have found this "tetragenus" of Drs. Finlay and Delgado
to be one of the most common microorganisms upou the surface of the body of pa-
tients in hospital with various diseases, in Vera Cruz and in Havana. I also ob-
tained it in specimens of blister serum collected by Drs. Finlay and Delgado from a
case of brain disease, and from a case of skin disease, both of Avhich cases were iso-
lated from any association with yellow fever patients. The blister serum was col-
lected from these cases and brought to my laboratory for the purpose of making a
comparative research. I also frequently encountered colonies of the tetragenus in
my laboratory in Esmarch tubes which had been inoculated with pure cultures of
other microorganisms, showing that it is quite a common atmospheric "germ" in
the City of Havana.
In a recent report made by Assistant Surgeon J. J. Kinyoun to the Supervising

Surgeon-General of the Marine Hospital Service is stated

:

"The microorganism described by Dr. Carlos Finlay (vide London Lancet, Sep-
tember 1, 18S7) has been under observation during the past year.

"Experiments made upon various animals gave no results. Later, while the
observations on malarial fever were under way, this organism was discovered upou
the skin of a majority of the patients suffering from malarial fevers, the patients
hailuig from Portland, Me., to Vera Cruz, Mex."

Duriug the past year Dr. Freire has again resumed his "vaccina-
tions" on a large scale, and he has recently published a brochure in
which, as heretofore, he claims wonderful success for his method.
His pamphlet is entitled " StaMstique des vaccinations au moycn des

cultures du microbe atlemie de lafievre jaune'^ (Rio Janerio, 1800).
No doubt some of those into whose hands this pamphlet falls will be

convmced by the array of figures presented, that a wonderful discovery
has been made and that Dr. Freire is, indeed, as his friends have
claimed, the Pasteur of Brazil. But when his statistics are regarded in
the light of the facts developed daring my visit to Brazil, and recorded
in my published report, it will be seen that they liave no scientific
value.

In the first place there has been no veritable discovery of the specific
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germ of yellow fever and cousequently there is no "attenuated virus"
with which to vaccinate. So long as Dr. Freire's vaccinations were
made with impure cultures it was possible that by accident the veri-

table yellow lever germ was present. But it is certain that the micro-
coccus which ho presented to me as his yellow fever microbe, his Cri/pto-

coccus xanthogenicus, has nothing to do with the etiology of this disease.

A careful bacteriological study of forty cases, made in Havana since
my return from Brazil, enables me to aflirm this in the most positive

manner. There is then no scientiiic basis for his wholesale inoculations.

And, when his statistics are considered in the light of the facts hereto-

fore referred to, they give no substantial support to his claims.

I shall consider here only that portion of Dr. Freire's latest publica-

tion which relates to vaccinations made in the city of Eio de Janeiro.

In this city the deaths from yellow fever are recorded and published

by the health authorities, and we may accept the figures given by
Dr. Freire as corresponding with the official report: He says:

Between the Ist of March and the 30th of Jnue, 188t), 2,407 persons died of yellow

fever (includiug the deaths at the Jnrajuha Hospital), 21 of whom had been vacci-

nated ; that is to say that 2,38G non-vaccinated persons succumbed to the disease (1,606

iuthe city, 800 at Jurajuba, iu all).

Now the total iiopulation of Rio is estimated at 400,000. Let us

suppose that 100,000 of this population enjoys protection from having

suffered an attack of the disease; we have left 300,000 persons, who

may fairly be compared with those vaccinated by Freire, who were ex-

posed during the epidemic, and among whom the mortality was liu 125

and a fraction [HUi- = 125.7).

Among the 2,087 "vaccinated" there were, according to Dr. Freire,

21 deaths, that is, 1 in 99 and a fraction (-ff^ = 99.38). It will be seen

that this comparison is not at all favorable to Dr. Freire's method.

But no doubt he will claim that the comparison is unfair, and that the

2,087 vaccinated by him represent a greater proportion of suscep-

tible persons than the 300,000 of the population with whom Ave have

compared them. Let us then deduct another 100,000 of the popula-

tion, considering one-half as protected by a previous attack or long

residence in the city. The remaining moiety includes all the foreigners

residing in the capita*l city, all Brazilians from other parts of the Re-

public, all the chiklrcn below 3 years of age, who, according to Freire,

are to be classed with strangers as to susceptibility.

The ratio of mortality is now but little above that among the vacci-

nated, viz, 1 in 83 and a fraction {mU- = 83.78).

But in this comparison we have ignored some very important factors

which are in tavor of Dr. Freire's statistics. A large number of the

deaths no doubt occurred among strangers who did not belong to the

population of the city, and especially among Wie sailors on foreign ves-

sels arriving during the epidemic, who are commonly sent to the Jura-

juba Hospital when taken sick. On the other hand, we have no definite
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information as to the date when the vaccinations were practiced, or the

exposure belbro and after vaccination. In the statistics of previous

years a very considerable number of [)ersons were vaccinated after the

epidemic had terminated. Tiiat is, persons who had i)assed tlirough the

('])idemic season without contracting the disease were vaccinated and
counted among those supposed to be protected from an attack by this

procedure. Evidently' the later in the epidemic the vaccinations were

l)racticed, the less value can be accorded to the subsequent exi)osure

as a test of protection. Previous exposure without being taken sick is,

on the contrary, evidence of comparative insusceptibility.

To put those vaccinated on the same footing with the 200,000 of the

population of Rio with whom we have coraj-ared them, they should have
been vaccinated at the outset of the epidemic, and exposed in the in-

fected city throughout the ei)ideinic season. How many were vacci-

nated when the epidemic had commenced to decline, or after it had
practically terminated? How many left the city soon after being vac-
cinated ?

These are questions we can not answer. But what has already been
said will suffice to show that the results obtained during the recent
epidemic in the city of Rio do not give any substantial support to Dr.
Freire's claims.



To give completeness to this report, as a convenient book of refer-
ence, I introduce here a systematic account of the disease to which it
relates, written in 1888 for Wood's "Reference Handbook of the Med-
ical Sciences" (William Wood & Co., publishers, 56 and 58 Lafayette
Place, New York). This article is reproduced here by permission of
the publishers.

YELLOW FEVER.

DBFINITION.

A specific iufectious disease, contracted by exposure in infected localities ; charac-
terized by a single febrile paroxysm of short duration (2 to 5 days), by the presence of
albumen in the urine, an icteric co]or of the skin, and a tendency to passive hemor-
rhages from mucous surfaces—especially from the stomach—producing " black vomit."

HISTORY AND GEOGRAPHICAL DISTRIBUTION.

The geographical range of yellow fever is more restricted than that ofany other acute
iufectious disease, aud within the area of its prevalence it is essentially a disease of
the littoral, and especially of seaport cities. While occasional epidemics have oc-

curred upon the southwest coast of the Iberian xieniusula, the disease, as an epi-

demic, is unknown elsewhere in Europe, and there is uo evidence that it has ever in-

vaded the great and populous continent of Asia. In Africa it is limited to the west

coast. In North America, although it has occasionally prevailed as an epidemic in

every one of our seaport cities as far north as Boston, and in the Mississippi Valley

as far north as St. Louis, it has never established itself as an epidemic disease within

the limits of the United States. Vera Cruz, and probably other points on the Gulf

coast of Mexico, are however at the present time, endemic foci of the disease. In

South America it has prevailed as an epidemic at all of the seaports on the Gulf aud
Atlantic coasts, as far south as Montevideo and Buenos Ayres, and on the Pacific

along the coast of Peru.

The region in which the disease has had the greatest and most frequent prevalence

is bounded by the shores of the Gulf of Mexico, and includes the West India islands.

Within the past fesv years yellow fever has been carried to the west coast of North

America, and has prevailed as an epidemic as far north as the Mexican port of Guay-

nias, on the Gulf of California.

The idea that yellow fever may originate de novo within the area of its occasional

prevalence was entertained by many medical authors during the first half of the pres-

ent century and is still held by a few. Thus Cornillac (1886) says: "In the zone

which is habitual to it, yellow fever may develop at a given moment without appar-

ent cause. It is born spontaneously at a point of this zone, or at several at a time,

and neither the temperature, moisture, barometric pressure, electricity, nor fiually

36
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effluvia givea off from the soil can explain this sudden invasion." It is true that in

localities where the disease is epidemic cases occur which are not directly traceable

to importation, but it is also true that in the principal endemic foci of the disease,

such as Vera Cruz, H.ivana, and Rio Janeiro, yellow fever was at one time unknown,

and we have reliable historical data lixing the date of its iiuportation. In short, a

careful consideration of the historical evidence relating to the disease gives no sup-

port to the idea of independent local origin, any more than in the case of smallpox,

cholera, or other specific infectious diseases.

But the early history of the disease is involved in obscurity and we are at present

unable to determine whether, as maintained by some, it was endemic at certain points

on the shores of the Gulf of Mexico at the time of the discovery of the "new world,"

or whether it was imported to the West Indies from the African coast, as maintained

by others. The early historians, Herrera, Oviedo, Rochefort, and others make refer-

once to epidemics among the natives, which occurred prior to the discovery of the

Antilles, and to fatal pestilential diseases among the first settlei's of these islands,

but their accounts are not sufficiently exact to enable us to affirm that the disease

referred to by them was yellow fever. The west coast of Africa was discovered and
colonized to some extent before the discovery of America, but the first authentic
accounts of the prevalence of yellow fever on this coast date back only to the year
1778, over 2 centuries after the first settlements had been established. On the
other hand, this very epidemic of 1778, at St. Louis (Senegal), was traced to importa-
tion from Sierra Leono, a portion of the African coast, which, according to Hirsch,
" .appears to be the headquarters of the disease and the starting point of its epidemic
inroad into the territories lying to the north and south, as well as into the West
African islands."

Rochefort, whose "Histoire naturelle et morale des isles Antilles de I'Amerique"
was published in Holland in 1558, says of the West Indies :

«' The air of all those
islands is very temperate and healthy when one is accustomed to it. The pcsie was
formerly unknown there as well as in China and other places in the Orient ; but some
years since the islands were afflicted with malignant fevers, which the physicians
considered contagious. The bad air was brought there by some ships which came
from the coast of Africa, but at present we hear nothing more of these maladies."

It seems very probable that a pestilential malady which prevailed for a time in
these usually healthy islands and then disappeared, was, in fact, yellow fever, and
that it was introduced by ships from the west coast of Africa is not at all incredible.
Indeed, it almost seems necessary to look for an original endemic focus of the disease
outside of the West Indies, for the reason that, in the comparatively few places where
it is now endemic, there is historical evidence to show that there was a first importa-
tion and a previous period of exemption

;
while, on the other hand, the conditions

upon whH!h endemicity at the present day seems mainly to depend, were formerly
unknown-conditions arising from the aggregation of population at seaport cities
as at Havana, Vera Cruz, and Rio Janeiro.

'

Some authors have attempted to identify the epidemic disease mentioned by Humboldt-called by the natives " Matlazahuatl "-which prevailed in Mexico in K,4'^
576, 173G-'37, and 1761-'G2, with yellow fever; but as pointed out by Hirs h Ihisdisease preva. ed almost exclusively among the natives of the interior and of thetable-land of Mexico, while yellow fever is essentially a disease of the littoral
Cornillac, a recent French author, who has made a careful study of the sanit.r.his ory of the West Indies, as contained in the works of Oviedo, Hel ^ Zar.^and other Spanish anthor;3 of the sixteenth eentu - • "

^o^ara.

al,o„t tho nuddle of tho folIowiuB conturj.
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lu l():!r> ii FiiMu h colony was establisbcMl iijx)!! Mio island of Guadalupe, and shortly
after thoir arrival a pbHtilontial disease apj)eared ainonj;- the colonists wliicli, from
tlie account given by Diitertro, a Catholic priest who came to tbe island 5 years
later, is accepted by Hirsch and by Cornillac as having been yellow fevor. Ftoni
Dutertre's account, however, as quoted by Cornillac, it would ai)pear that yellow
fever was first imported into the island of Guadalupe in the year 1G'18, and tlial tlie

groat mortality previously reported was duo to other causes. Dutertre says: "Dur-
ing this same year 1648, the jjfS<e, until tben unknown in tbcse islands since tbey
wore inhabited by the French, was brought there by some vessels. It connueuced at
Saint Christophe, and during the 18 mouths that it lasted carried away nearly one-
third of tho inhabitants. This epidemic j^esto caused in those who were attacked a
violent mal dc tete, great debility in all the members, and continual vomiting, so

that in 3 days it put a man in his tomb. This contagious malady was brought to

Guadalupe by a ship from La Rochello, called Lo Bamf."
At Barbadoes the disease uuiy have prevailed for some years prior to its introduc-

tion to Guadalupe, but the lirst authentic account relates to the year 1647. Richard
Ligon, who arrived at tho island in the mouth of September of this year, says that

the city of Barbadoes was at that time suffering from a scourge which caused great

ravages, so that the living scarcely sufficed to bury tho dead. According to this

ituthor, the cause of the epidemic was unkuown ; it was uncertain whether it had
been imported, or whether it originated from bad food, tho use of maTrsh water, and

tho intemperance of tho colonists. Ligon inclinea to attribute it largely to tbe latter

cause, and remarks that uot more than one woman died for every ten men. We may
safely assume, from the subsequent history of tbe island of Barbadoes, that tlie epi-

demic plague referred to by Ligon was uot of local origin, for with a rapidly increas-

ing population this island has enjoyed considerable periods of immunity from yellow

fever, and when epidemics have occurred they have, as a rule, been clearly traced to

importation. From this time, 1647-'48, the history of yellow fever in the West lurlies

is a history of epidemic outbreaks at varying intervals at the principal seaport towns,

traced sometimes to importation, but more commonly assumed to bo of local origin.

It was epidemic in Jamaica iu 1655, and again in 1671; at Santo Domingo in 1656;

at Martinique in 1688 and 1696. In 1699 it prevailed widely as an epidemic in tho

West Indies, and according to Hinemann made its first appearance at Vera Cruz, tho

principal seaport on the Gulf coast of Mexico.

Caha.—l can not attempt to follow hero tho history of yellow fever in the West

Indies generally, but shall give an account of its prevalence in Havana, as this is

now an endemic focus of the disease, and the point which is the most dangerous to

the Uui todStatos, on account of its proximity and the constant commercial intercourse

between this city and our own seaports.

The historian Pezuela records the prevalence of a malignant pestilential disease

in Havana in 1648, a year in which, as we have seen, yellow fever was epidemic

in the islands ofGuadalupe and of Barbadoes. Ho says :
" In this year tbore occur-

red in Havana a great pest of putrid fevers which remained iu the port almgst all

summer. A large part of the garrison and a larger part of the crew and passengers

in tho vessels died."

The epidemic continued the following year, and iu 1653-'54, according to the author

above quoted, "tho epidemic was renewed with equal f .ry ;" and in 1655 "iutbo

capital continued to carry away its victims without regard to rivalries and passions."

According to Dr. S. E. Chaillo, president of the Havana yellow fever commission

(1879), from whose report we have quoted tho above extracts from Pezuela, there is

no historical evidence of tho prevalence of yellow fevor in Havana for more than a

hundred years after the date mentioned. "On the contrary, there are repeated

records of the great salubrity of the climate and the absence of epidemic diseases."

It was not until the year 1761 that yellow fever established itself in the previously

healthy city. Pezuela gives tho following account of its iiitrodu.;tiou :
" Although

Havana is situated on tho northern boundary of tho torrid zoue, it was very justly
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co«siaoreclonoc,rU.o.nost l.o.lthy localities on the island before its mvas.o i
>
a

, 0 al t .nannei- by the vomilo um inu.ortecl lioui Ver.l Cruz .n Ihe s.imn.er of
l.cuna..u.t .n.uua ^ y

^^^^^ ^^^^^^ ^. ^^^^ ^^^^^^ ^^.^^^ ^^^^^.^^

e H icstined for tbe works on the exterior fortifications of Havana, the .non-ol-war.

« 1 l».en-oa, which connnnnicated to the neighborhood the ep.dennc kno..x

by the name of 'vomito negro.' At .he end of ^Ih. foUown^g . une there we o st^^

tioued in this port nine n.en-of-war, despatched froui Cad,, and
f

thesonadrou, Don Enticnne de Hcvia; they bro.ight a reinforcement of 2,000 men

More than 3.000 persons succumbed to the epidemic on this, the first an>earance ot

tiio vomito." • 4 n 1

Fron. this time to the present day the new levies of troops sent from Spain to Cuba

have continued to sutler enormous losses from the endemic pestilence. In 1779 there

arrived from Spain, then at war with Great Britain, "an army of 3,500 men, which

was immediately decimated by the vomito." In 1780, during the month of August,

an army of 8,000 men was landed in Haviina, which during the two following months

suffered a loss of about 2,000 men with the vomito. Pe/Aiela records the fact that m
1794, in the garrison and squadron, there wore more than 1,600 victims to the disease.

The eudeinicity of yellow fever in Havana was fully established by the researches

of the commi-ssion sent to that city in 1879, by the national board of health. Dr.

Chaille, president of this commission, says in his elaborate report, published in 1881:

"Since 1761, yellow fever has prevailed certainly in Havana, and probably in other

places ill Cuba, every year, and the dates of prevalence recorded in our text-books

indicate no more than tlie years of greatest prevalence. The disease prevails in

Havana, and in some other places in Cuba, not only every year, but also every month

in the year; records in 1837 indicate that at that date the monthly prevalence had

become habitual in Havana ; the statistics, solely of the military and civil hospitals,

prove that during the 408 months, 1856-'79, there was only one single month free from

an officially recorded case of yellow fever."

The following tables are from the "Preliminary Report of the Havana Yellow

fever Commission :

"

Monthly maximum and minimtim deaths by yellow fever in Havana during the 10 years

1870-79.

Mont lis.

January.

.

I'ebiu.iiy

Marcli

April

May
Juno

Mini-
mum.

Maxi-
mum. Mouths.

Miui-
miim.

Miixi-
muiH.

6 32 July 68 675

4 24 70 410

4 32 September 35 234

4 37 October 28 185

13 103 5 150

66 378 9 82

In no one of tlio 10 years, 1870-'79, lias there ever been fewer deaths than in the first,

nor more than in the second, column. The total deaths by yellow fever for each
year were as ibllows

:

Total deathn hy yellow fever in Havana.
1" C05 lu 1875 1,01)1

^1' '""1 991 lu 1876
I" 515 In 1877 i' 1174

I" 1,244 In 187S ]^,.-,;)

In 1,425 In 1870, to October 1 i.ynj

' Mataiizaslias the rcimtation of having long suffered annually with yellow fever;
the earliest positive date secured by me was reported by Dr. Gniteras, a member of
the commission, a native of Matauzas, who was assured by one of the oldest physi-
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ciau8 that the city sufforod with the disease in 1828, when he came to Matanzas, aud
It Uas prevailed every year since." (Chaille, op. olL).

Cie)>faef/os.~" Yellow feverovery year since 1850, except in 18G^ and 1874 "

SantUiyode Cuba.-" Y(,]lo^v fever prevailed every year, aud nearly every montli
from 1850 to the present time."

Manzanillo.—" Yellow fever every year since 18G()."

rem Cruz, the principal seaport on the Gulf coast of Mexico, is also tiio principal
endemic focus of yellow fever ui)on this coast. According to Hinenuinu, the first epi-
demic occurred in 1699, a year in which yellow fever was widely prevalent in the
West Indies, aud in which it prevailed for the first time as an epidemic iu the city of
Philadelphia.

The following table, which I copy from a paper by Dr. Zacarias R. Molina, a med-
ical officer of the Mexican Army who has for a number of years been on duty iu the
military hospital at Vera Cruz shows the continued prevalence of the disease iu
that city during a period of nearly 16 years:

Mortality from yellow fever in the city of Vtra Cruz from July, 18G7, to Decemler, 1881.

Months.

January

Fobiuary..

March

April

May
Juno

July

August

Soptemhor.

October

November .

December.

.

Total.

18G7.'18C8,

8

29

36

17

n
8

109

7

G

7

31

42

16

28

21

21

9

2

3

193

1869. 1870.

10

1871.

1

6

19

113

71

17

10

15

2

4

271

1872.

2

2

4

,5

14

45

53

39

29

11

6

210

1873,

3

I

19

59

59

74

20

10

7

223

1874.

1

2

2

3

11

24

7

12

11

6

79

1875.

7

2

4

11

29

93

118

105

41

13

2

425

1876.

34

1877.

4

7

54

144

164

77

50

27

528

1878.

16

5

1

7

58

114

110

62

45

24

7

444

1879. 1880. 1881

6 2 28

4 22

2 1 29

1 1 20

1 94

1 233

2 1 132

1 3 39

3 9 22

42 25

92 18

98 4

21 249 675

There is no evidence of continued prevalence at other towns upon the Mexican

coast, but epidemics, which have usually been traced to importation from Vera

Cruz, have occurred at Matamoras (1858, 1863, 1867); at Tanqnco (18^1, 18:i6, 18-45,

1847, 1853, 1864); at Tiixpav (1863, 1875, 1877); at Campcche (1865, 1877); aud at Man-

zanillo (1868).

The Gulf coast of South America, and especially the English and French settle-

ments in Guiana, have been frequently visited by epidemics of yelloAv fever, aud it

is probable that the disease is endemic at one or more points upon this coast. Its

epidemic prevalence is recorded for the following years at Demerara: 1793-96, 1800,

1803, 1818, 1819, 1820, 1821, 1825, 1827, 1828, 1831, 1837-'39, 1841-'45, 1851-'53, 1861-'66

(Hirsch).

In Venezuela the disease has prevailed at the capital, Caracas, and the neighboring

seaport, La Guayra, in the years 1693, 1696, 1793, 1797, 1802 and 1869.

In Central America epidemics have occurred at all of the principal seaports : Panama

1740, 1858, 1859, 1867; J'orlohetlo, 1726, 1729, 1740, 1793, 1860, 1866, 1867; Belize, 1860;

Nicaragua, 1868.

Brazil.— Vhe Portuguese author, El llnstio da Rocha PiKi, has given an account, in

his "History of Portuguese America," published in Lisbon in the year 1730, of an opi-

dcmic malady which prevailed in P. rnanibuco iu the year 1686, which very probably

was yellow fever. This author says (Book vii., p. 4--7 <>/ seq.): "In the year 16,^6,

coinmcnced in Pcrnambnco Ibat leirible i)lague (contagious disease, Bicha) which

must be attributed to the sins of the population of these proviuccs, corrupted by the
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vices into wliicli tbey were enticed by tbo wealtb and freedom of Brazil. Many
causes are alleged, tbc most wortby of attention being tbo arrival of some barrels of

meat wbicb returned from the island of Sao Thome (8t. Thomas). These were

Oldened by a cooper, who shortly afterward fell dead. Soon after several persons of

his family, to whom he had communicated the disease, also died. The epidemic

spread to such an extent among the inliabitants of Recipe (Peruambuco) that the

mortality exceeded 2,000, which was very large in proportion to the population.

Thence the disease extended to Oliuda and its vicinity, and very few were the per-

sons who escaped it, such wore its virulence and intensity." The account given by
the historian of the clinical features of this pestilential disease is, of course, very
imperfect, but it seems to justify the belief that tlio disease was really yellow fever.

The highest medical authorities in Brazil agree that yellow fever was not endemic
in the principal seaports of the Empire prior to the year 1849, when it was introduced

to the city of Bahia by the North Aniericau brig Brazil, which sailed from New
Orleans, where yellow fever was prevailing, and touched at Havana. Two of the
crew of this brig died of yellow fever during her voyage from the latter port to

Bahia. Soon after her arrival the disease made its appearance among those who had
communicated with the ship, and later on other vessels in the harbor. The first

case occurred a few days after the arrival of this brig (November 3). A part of her
cargo is said to have consisted of little barrels of beef which had become putrid.
From Bahia the disease was carried to Rio Janeiro, where during the epidemic se;isou
of 1850 it caused a mortality of 4,1G0.

According to Professor Barata, of the faculty of medicine of Rio Janeiro, yellow
fever continued to prevail in Brazil until the year 18(51, when it disappeared fur 8
years, to reappear in 18()9-'70, as the result of a fresh importation. The Italian ship
Creolla del Plata, which had touched at St. lago, where yellow fever was prevailin"-
is named as the vessel which introduced the disease on this occasion.

'

Tlie mortality from the disease under consideration in the city of Rio, from the
time of its introduction in 1850 to a recent date, is shown by the following table

:

Mortality.

.' 4,160

475

1850

1851

18.j2

18.3:?

1854

1855

18.-,«

1857

18.58

1^59

18C0

18fil

18C2

1-63

I8G4

1805

1866

imi7

1868

1,943

853

21

0

0

1,425

800

500

1,249

247

12

0

0

0

0

0

0

1869

1870

1871

1872

1873

1874

1875

1876

1877

1878 ,

1679 .

1880 .

1881 .

1882 .

1883 .

1884 .

1885 .

1886 .

Mortality.

... 274

... 1,117

8

102

... 3,659

... 829

... 1,292

... 3,317

--. 282

... 1,174

- - - 974

... 1,433

... 219

95

... 1,.336

... 618

... 278

... 1.397

In 1. ,., yellow fever is said, by ITirscb, to have prevailed extensively in HraHI
I nngh th,s was not an epiden.ic year in Rio Janeiro. The foliowin./ •

r it vml.-d along ,b. An.a.on far into the interior of the country. The ye^-.s of n atest"n™.^ pn,valence s.nce that date have been 1859--60, 1862f1869-'7^^^;^:':;^

the::;.:;::fi;rrtti^^ar:::r^T'"^ introduced to the cities atine K.o (le l.i I lata, and has there caused great loss of life. The first
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ul

^i,.^.^.^..^ ..v v.. lA., .10 iLi i.../., II, >, ,10 .if^.iiii luinjuiiuuu iiiiu ilua uity iro

Penuuubuco in 1872. It.pioviiiled in Uio city of Jhuuoa Ayrea in IHfjS anilin 1870.

Yellow fever is Haiti tobiwe been coiivcyed to the Pacific coast of South America 1

a party of Gorman emigrants, who liuulcd at Caliao, J'cnt,, in 1854. The disease sprc;

from this port to the capital, and iu the course of the next 2 or 3 years to the princi-

pal towns upon the Peruvian coast, where it continued to prevail up to the yearlHO'J.

ChUl, np to the present tinie, has remained exempt from the disease (Mirscii).

U))oii the lyt.si coast of Africa t\u\ headquarters of yellow fever is that portion of the

coast which belongs to the province of Sierra Lconc, and epidemics at other points

npon the African coast have frequently been traced to this locality. It seems very

doubtful, however, •whether, as some authors suppose, this is really the original source

of the disease. The French authors, Berenger-Feraud and liourru, both call atten-

tion to the fact that we have no account of the disease prior to the year 1778, althougli

the African coast was discovered and colonized long before the discovery of tlie

West Indies ; and that, on the other hand, the early settlers in these islands snifered

from a pestilential malady which very probably was yellow fever.

At St. Louis (Senegal) an epidemic occurred in 1778 and this is the first outbreak

of the disease of which we have any reliable information in this portion of the

world. The disease in tliis instance is said by Schotte to have been imported from

Sierra Leone, where epidemics are recorded to have occurred during the present cen-

tury in 1816, 1823, 1825, 1829-'30, 1837-':!9, 1845-'47, 1B50, 1SG2, 1804, ISfw-'GG, 1868,

1878 (?) (Hirsch). Frequent epidemics have also occurred at Sonegambia, and the

disease has prevailed upon the Gold Coast (1852, 1857, 1862), the Congo Coast (1816,

1860,1862,1865), at the CfljJC Verde Islands (1845, 1862, l{r68), and the Canary Islands

(1701,1771, 1810,1846,1862).

In Euuoi'K the ravages of yellow fever have been restricted mainly to the Iberian

peninsula. This is due, no doubt, to the frequent intercourse between Spain and

Portugal and the West Indian ports, in which the disease is most prevalent, and to

the fact that the summer temperature of these countries is favorable for the epidemic

extension of the disease, whereas the more northern portions of Europe are practically

outside of the yellow fever zone.

The first epidemic in Spain occurred in the year 1700, at Cadiz. This city also

sutlered in 1730-'31, 1733-'34, 1761, 1780, 1800, 1804, 1810, 1819-'21. The epidemics of

IfcOO 1810, and 1819 were not limited to the city of Cadiz, but the disease extended

to the interior and caused a considerable loss of life in the provinces of Granada and

Ad-ilusia, and also iu some of the towns of Murcia and Catalonia-especially in Bar-

celona from which city the disease was conveyed to the island of Mnjorca during

the last epidemic. No wide-spread epidemic has occurred iu Spain since 1821, but

local outbreaks, as a result of importation from the West Indies, have occurred in

Gibraltar (1828), Barcelona (1870), and Madrid (1878).
, , . -, ,

The first epidemic at Lisbon was in 1723, a second was inaugurated in 1-ob, and

during the following year developed into a devastating scourge which extended to

the to'wus of Belem, Olivtes, and Almada.
, 1

In Italy yellow fever has only once effected a temporary lodgement, at Leghorn, m

1804, where it was imported from Spain.
, ^ ,• , in 1

Ships with yellow fever on board have occasionally arrived at English and Frem-h

ports, but local conditions have apparently not been favorable to an

SL, except to a limited extent at Brest, in 1856, at St. Nazaire, m 1861, and at

Swansea (Wales), iu 1864.

BAHAMA ISLANDS.

Bahama Islands.-Yol\o.. fever prevailed as an epidemic at Nn.snn iu 1861, 18(i2,

''Sc:;^n" ^Hirsch yellow fever prevailed, to a limited extent, at llalimx (latitude

440 2G') iu 1861, and at Quebec (latitude 46« 50') ui IbO...
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PREVALENCE OF YELLOW FEVER IN THE UNITED STATES.

New Hampshire.—Portsiiioutb is tlic most uorlLeni jioint in the United States wliich

has siillbred an epidemic of yellow fever. lu 1798, and agaia in 1802, during which

year the disease was epidemic in Now York and iu Philadelphia, it was also epidemic

in this city.

AfuHsachuxctls.—In 1693 an English expedition sailed from Boston for the purpose

of taking from the French the Island of Martinique. The expedition failed in its

object and returned to Boston on Juno 17 with yellow fever on hoard the vessels

of the fleet. Hutchinson, in his " History of Massachusetts Bay," says the mortality

among the sailors had been 1,300 out of a total strength of 2,100, and that out of the

same number of soldiers the loss was 1,800. He states that the disease spread from
the fleet to the town, and that many families loft town and resided in the country
until the infection had ceased. This is the first authentic account.of the occurrence

of yellow fever within the present limits of the United States. In 179G the disease

prevailed to a limited extent in Boston and in Nowburyport. In 1798 it prevailed as
an epidemic iu Boston, where the mortality was 200; and in 1802 60 fatal cases
occurred in the same city. Some cases also occurred iu the years 1800, 1819, and 1858.
Mode Island.—The city of Providence was several times visited by yellow fever

during the latter part of the eighteenth and the beginning of the present century
1794, 1795 (mortality 45), 1797 (nioi'tality 45), 1800, 1805. The disease prevailed" afc

Newport in 1798, and at Bristol iu 1797.

CoHitectifiut.—The disease prevailed at New Loudon in 1795, and again in 1798
when the mortality was 81. Hirsch records the occurrence of the disease at New
Haven iu 1743, 1794, aud 1805; at Middletown in 1820; at Chatham in 1796 and at
Hartford in 1799. .

'

New Torfc.—Epidemics of greater or less extent have occurred in New York City
and its immediate vicinity in 1693, 1702, 1743 (mortality 217), 1745, 1762, 1791, 1794
1795 (mortality 730), 1798 (mortality 2,080), 1799 (mortality 76), 1800, 1801 1803
(mortality 700), 1805 (mortality 340), 1809, 1819, 1822 (mortality 230 ^ 1848 'iR--,?
1854, 1856, 1870 (mortality 49).

J o, loo^,

Neio Jersey.—RiiBch. records the following local epidemics: Brid<retown 1798-
Chews, 1798; Woodbury, 1798; Perth Amboy, 1811.

"
'

'

/^e«Hsi/Zm»iia. -According to La Roche, " the earliest onset of the disease occurred
in 1699, when Philadelphia, then but seventeen years of age, was little more in
point of extent than an ordinary country town." There are no medical accounts of
this epidemic, but there is no doubt as to the nature of the disease, which caused imortality of 220 in the new city, estimated to have contained less than 4 000 inhib
itants The next epidemic in Philadelphia occurred in 1741, when the mortality ias
250. Subsequent epidemics occurred in 1747, 1762. 1793 (mortality 4,041) 1794 1707niortahty 1,300), 1798 (mortality 3,500), 1799 (mortality 1,000), 1802 uiorLlit^iO-

j^r
^"'"""^^ '''' '''' ^-'^^^

Delaware -In the epidemic of 1798 the city of Wilmington suffered a loss of 250.l/«r,?.»jd.-Epulemics, for the most part of limited extent, have occulted in ilti"xnore in the years 1783, 1794, 1797, 1798, 1799, 1800, 1802, 1819, 1820, r82i;i82;^^^^^^^^^^

Virfjinia.-At Norfolk epidemics are recorded as follows- 1737 1741 i-n. ,^n=
1797 1799, 1800 (mortality 250), 1801, 1821, 1826, 1855 m;rt. itV 1 807^ A

'

dem.c occurred at Petersburgh in 1798. and at Al^xandri in 18o'
'

At P .the disease prevailed in 1852, 1854, and 1855 (mortamy J oJo)
''^^'^^^-'^

North Carolina.—Wilmington 170fi i«nn iqoi i ,

1799, 1864 (mortality 700) ;i"eau ort C' 18n V f ^^r''^'"'
'"'^

'

WOO; Smitiiville, 1862.
'

'

'''' (•""••t'^''ty G8), 1871; Washington,

South CaroUna.-'rUe first epidemic of which we have any account in Charleston
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occurred in 1G93; from thia timeepidouiics have been numeroua, aud during the first

half of tlio prosent century the physicians of Cliarleston gonerally considered the

disease endemic in that city. That it was not sooins to be demonstrated by the im-

munity enjoyed since 1871, an immunity which is probably due to the diminished

commerce with infected ports in tlie West Indies, and to a more efliciont quarantine

service, since the fact has been recognized tliat the disease is not endemic.

The prevalence of yellow fever in Charleston during the x^resent century is shown
in the following table; recorded epideuiics, prior to the year 1800, are as follows:

10915, 1691), 1700, 170:?, 1728, 1732, 1734, 1739, 1745, 1748, 1753, 1755, 1761, 1762, 1768,

1770, 1792, 1794, 1795, 1796, 1797, 1798, 1799 (mortality 239). An epidemic occurred

among the troops stationed at Hilton Head in 1862 ; Port Royal, 1877 (mortality 25).

Mortality from YcUoio Fever in Charleston, S. C; Pennacola, FJa.; Mohilc, Ala.; Neio Or-

leans, La.; and Galveston, Tex., during the present century.

Year.
!charles-

1800

1801

1802

1803

1801

1805

1800

1807

1S08

1800

1810

1811

1812

1813

1814

3815

1816

1817

1818

1819

1820

1821

1822

1823

1824

1825

182G

1827

1828

1820

1830

1831

1832

1833

18 '4

1835

lS3(i

1837

1838

1830

1840

ton.

184

96

(*)

148

(*)

Peusa-
cola.

lG-2

n

272

177

235

2

Gl

26

30

40

25

:'51

134

22

Mobile.
Now

Orleans.
Gah'08-
tou.

(*)

(*)

(*)

(*)

274

257

(*)

(*)

(*)

(*)

800

115

2, 100

(*)

(*)

(*)

(*)

(*)

130

n

n

350

050

230

1

108

49

5

109

130

215

117

2

18

210

95

284

5

442

17

452

3

Yeai'.

250

1841

1812

1843

1844

1845

1840

1847

1848

1819

1850

1851

1852

1853

1854

1855

1856

1857

1858

1859

1860

1861

1802

1803

1864

1865

1866

1867

1868

1809

1870

1871

1872

1873

1874

1875

1876

1,S77

187>s

1879

1880

Cliarles-

ton.

(*)

125

310

627

211

13

717

(*)

n

I'eusa-
cula.

ITobile.

213

(') Number of deaths not stated.

{")

{*)

C)

{')

(")

(*)

n
n

(*)

New Galvcs-
lOrlcana.

(*)

60

240

'*)

70

75

50

(*)

115

(*)

(*)

34

(*)

(*)

(*)

61

118

27

594

211

487

148

2

I GO

2, 250

850

737

102

16

415

7, 970

2,423

2, 670

74

199

3,889

3,093

587

55

40

90 600

tun.

400

200

530

404

344

182

259

{*)

1, 150
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Geornia —At Savanuali opidemics are rocordod iu the years 1800, 1807, 1808, 1817,

1819 18-20 1827, 1852, 18r):i, 1854 (mortality 580), 1858. 1876 ; at St. Mary's in 1808

(mortality 8-J) and iu 1854 ; at Augusta iu 1839 aud 1854 ; at Uaiubridye in 1873
;
Bruns-

wick, 1876.
. , .

Florida.—The priucipal seaport, Pensacola, has suffered frequent epidemics of

yellow fever. Those occurring during the present century are iucluded in the table

giveu above. Two epidemics are recorded as occurring prior to the year 1800—1764

and 17G5. At St. Augustine epideuiics occurred in 1807, 1821, 1838, 1839, and 1841 ;
at

Key West in 1823, 1829, 1841, 1362. 1867, 1875, 1878, 1837; at Jacksonville iu 1657, 1877,

and 1888; at Feruaudiua iu 1877 (mortality 498) ; at Tampa iu 1839, 1853, 1871, 1887.

Alabama.—Tho recorded epidemics in Mobile, prior to the year 1800, were iu 1705,

1765, aud 1766; subsequent epidemics are iucluded in the table. Montgomery, 1853

(mortality 35), 1854 (mortality 45), 1855 (mortality 30), 1873 (mortality 102); Selma,

1853 (mortality 32) ; Florence, 1878.

JUissisnippi.-The town of Biloxi, on the Gulf, has suffered from epidemics as fol-

lows: 1702,1839,1847,1853,1858,1878,1884; Pascagoula, 1847, 1853, 1875, 1878; Port

Gibsou,1878; Shieldsborough, 1820, 1829, 1839 ; Port Adams, 1839. 1853 ; Grand Gulf,

1853; Natchez, ou the Mississippi River, 1817,1819 (mortality 180), 1823 (mortality

312), 1825 (mortality 150), 1827, 1829 (mortality 90), 1837 (mortality 280), 1839 (mor-

tality 235), 1848, 1853, 1855, 1858; Vicksburg, 1839, 1841, 1847, 1853, 1855, 1858, 1871,

1873, 1878 (mortality 872) ;
Jackson, 1853, 1854, 1878 (mortality 86) ;

Holly Springs,

1878 (mortality 309); Greenville, 1878 (mortality 301); Grenada, 1878 (mortality

326); Canton, 1878 (mortality 180). Our record does uot include numerous smaller

places which suffered during the epidemic of 1878.

Louisiana.—The first recorded epidemic in New Orleans was in the year 1769 ; other

outbreaks prior to the present century were iu 1791, 1793, 1794, 1795, 1796, 1797, 1799.

The prevalence of the disease iu this city subsequent to the year 1800 is given in the

table. Baton Rouge, 1817, 1819, 1822, 1827, 1829, 1837, 1843, 1847, 1853, 1858, 1878 (mor-
tality 193) ; Opelousas, 1837, 1839, 1842, 1853 ; St. Fraucisville, 1811, 1817, 1819, 1823,

1827, 1829, 1839, 1843, 1846, 1848, 1853
;
Shreveport, 1853, 1873 (mortality, 759) ; Port

Hudson, 1839, 1841, 1843, 1853, 1878
;
Thibodeaux, 1846, 1853, 1854, 1878

;
Washington,

1837, L839, 18.53, 1854, 1867; Morgan City, 1878 (mortality 109). Numerous smaller
places during the epidemics of 1873 aud of 1878.

Texrtsr.—The epidemics at Galveston are included in our table. Houston, 1839, 18i4,

1847, 1848, 1853, 1854, 1858, 1859, 1864, 1867, 1870; Huntsville, 1867 (mortality 130);
Hempstead, 1867 (mortality 151); Indianola, 1852, 1853, 1858, 1859, 1862, 1867 (mor-
tality 80); La Grange, 1867, (mortafity 200); Matagorda, 1862 (mortality 120); Nava-
zota,.1867 (mortality 154); Rio Grande City, 1867 (mortality 150); Victoria, 1867 (mor-
tality 200); Breuham, 1867 (mortality 120); Calvert, 1867 (mortality 250); Chapel
Hill, 1867 (mortality 123); Columbia, 1867 (mortality 132); Browusville, 1853 1858
1862, 1882.

'

Te«>ies8ee. -Memphis, 1828, 1853, 1855, 1867,1873 (mortality 1,244), 1878 (mortality
5,000), 1879 (mortality 485); Chattanooga, 1878 (mortality 135); Brownsville, 1878
(mortality 212); numerous smaller towns in 1878.

'

Arkansas.-Cohmihia, 1853; Fort Smith, 1823; Little Rock, 1873; Napoleon, 1853
Kentucky.—Bo\ylins Green, 1878; Hickman, 1878 (mortality 153): Louisville 1878

(mortality 64).
'

0/,io.-Cincinuati, 1871, 1873, 1878 (mortality 17); Gallipolis, 1796, 1878 (mortality
18).

Illinois.—Ciiivo, 1873 (mortality 17), 1878 (mortality 51).
^Jlissouri.-fit. Louis, 1854, 1855, 1878 (mortality 16); New Design, 1797 (mortality
o7).

GREAT EPIDEMICS IN TUB UNITBD STATES.

1793.-T110 city of Philadelphia, after enjoying an immunity from yellow fever for
31 years, suffered iu 1793 a devastating epidemic. This epidemic, no doubt, resulted
from importation, although a clear history of its inuoductiou was uot made out at
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the time, and the leading physicians of tlie city wore' inclined to attrihuto it to local
crisiu, asaresnlt of nnsanitary conditions in connection with an nnnsually liigli

tonipiinitnre. La Roche says: "Dr. Rush and oUicrs laid great stress on a qnantity
of damaged coifeo which was exposed during the latter part of July, in a place (on a
wliarfand in the adjoining dock) and nnder cirounistancos wiiich favored decompo-
sition. Its smell was highly pntrid and offensive, insomnch that the inhabitants of
the honses in Water and Front streets, who were near to it, were obliged in tiie hot-
test weather to exclude it by shutting the doors and wiinlows. Even persons who
only walked along those streets complained of intolerable fetor, which, npon inquiry,
was constantly traced to the putrid coffee."

It appears probable that this -'putrid colfoe" was indeed- the nidus in which the
deadly exotic germ first developed which gave rise to this fatal epidemic. Whether
the coffee was infected at the port of shipment, or whether it was transported in an
infected vessel, we can not now determine ; but that the outbreak of yellow fever in

Philadelphia was due to the fact that the coffee was imported from a region where
yellow fever was prevailing, or in an infected ship, rather than to the fact that it

was pntrid, can not he doubted, in view of the subsequent history of yellow fever

epidemics in the United States.

As usual, the early cases were not recognized as yellow fever. Dr. Rush says

:

" The report of a malignant and fatal fever being in town spread in every direction,

but it did not gain universal credit. Some of those physicians who had not seen

patients in it denied that any such fever existed, and asserted (though its mortality

was not denied) that it was nothing but the common annual remittent of the city.

Many of the citizens joined the physicians in endeavoring to discredii; the account I

had given of this fever, and, for a while, it was treated with ridicule or contempt.

Indignation in some instances was exerted against uie." History has repeated itself,

in this particular, many times in subsequent epidemics. The early cases, even in

cities like New Orleans, where the physicians are well acquainted with the disease,

are frequently called by some other name— "bilious fever," "pernicious fever,"

" malarial fever," etc.—and the jihysician who first ventures to name the prevailing

disease "yellow fever" is treated with ridicule or with indignation.

It was not until the middle of August that a rapid succession of fatal cases con-

vinced the physicians of the city that the fatal West Indian pestilence was again

present in Philadelphia.

The presence of the disease was officially recognized on the 22d of August, when

the mayor of the city gave orders for the cleaning of the streets and general puri-

fication of the city. The disease continued to extend until early in October, when

itreached its height. It did not cease entirely until about the 8th of November.

Durin"- this short season of prevalence it caused an euoritions mortality, distributed

as follows: "August, 325; September, 1,442; October, 1,976; November, 118." (La

Roche).

The population of the city at this time is estimated to have been a little more than

40 000, which gives a mortality of 10 per cent, of the total population (total mor-

tality 4,040). As more than 12,000 of the inhabitants fled from the city, the propor-

tion of those who were attacked is very great. La Roche estimates the total num-

ber of cases at 11,000.

1797 —The epidemic of this year in the city of Philadelphia was less extended and

less fatal. The whole number of deaths is estimated to have been about 1,300. The

disease, as usual, commenced in the vicinity of the wharves (about the end of July).

Unsanitary conditions, described by physicians who were witnesses of the epidemic,

furnished the favorable local nidus for the exotic germ, which, according to a report

of the College of Physicians of Philadelphia made in response to a request from the

governor, was imported by two vessels, one from Havana and the other from Port an

Prince In this report the College of Physicians, contrary to the prevailing popular

opinion, and that of many prominent physicians, took the ground that the unsanitary
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local conditions were simply secondary or accessory canses, and recommended " a

more stringent, system of quarantine regulations, as the most effectual means of pre-

venting the recurrence of the disease" (.La Roche).

179,^.!_Tbe epidemic of 1797 was followed the next year by a still greater one,which

was not confined to the city of Philadelphia alone. The disease prevailed also in

Boston (mortality 200), in Portsmouth, N. H. (mortality 100), in Newport, R. I. (mor-

tality 2), in Now London, Conn, (mortality 81), in New York (mortality 2,080), in

AVilmington, Del. (mortality 250), and in Charleston, S. C. The mortality in Phila-

deli)hia"\vas 3,615, distributed as follows: August, 62(5; September, 2,001 ; Octobei;,

November (from the 1st to the 5th), 72. The mortality, in proportion to the

number of cases, in the city of Philadelphia was enormous, being, according to La

Roche, about as 1 to 1.27 of those attacked, or nearly 80 per cent. This is accounted

for partly by the fact that the better class of the community left the city as soon

as possible after the outbreak of the disease, and the cases which occurred were con-

sequently among the poorer classes, who inhabited the worst portions of the city.

The prevailing ideas as to the treatment of fevers by depleting measures, were

doubtless responsible to some extent for the excessive mortal ity. "The College of

Physicians, faithful to the theory so long eutertaiued by it in relation to the cause

of the disease, assigned to the epidemic this year, as it had done to those of preceding

seasons, a foreign origin" (La Roche).

l.-;02.—An epidemic of smaller proportions prevailed in the year 1802, causing a raor-

lality in Boston of (iO, in Philadelphia of 307, in Wilmington of 86, in Charleston of

!)(). The disease also jjrevailed "extensively" in Baltimore, but no record of mor-

tiility is given. The prevalence of the disease at the seaports mentioned, especially

before the time of railroad communication, is not to be ascribed to an extension from

one to the others, or to " an epidemic constitution of the atmosphere ; " but it doubt-

less occurred, for the most part, as a result of independent importation from the usual

source of the disease, the West Indies. Thus we find that in 1802, while Boston aucl

Philadelphia suffered epidemics, New York, lying between the two infected points,

was free from the disease (two cases only are reported).

1853.—Passing over the minor epidemics, for the most part limited to a single city,

or, by coincidence merely, to two or more distant sea-ports, we come to the epidemic
of 1853, which extended through portions of the States of Florida, Alabama, Louisi-
ana, Mississippi, Arkansns, aud Texas. The towns which suffered in Florida were
Pensacola, Milton, and Tampa, In Alabama : Mobile (mortality 115), Cahawba, Cit-
ronelle, Demopolis, Fulton, Hollywood, Montgomery (mortality 35), Selma (mortal-
ity 32), were the principal towns visited by the scourge. In Louisiana the disease
prevailed at New Orleans, with a mortality of 7,970; at Alexandria, Algiers, Bay St.
Louis, Biiyou Sara, Centroville, Clinton, Conltiorville, Franklin, Opelousas, Patter-
sonville, Plaquemine, Shreveport, Thibodeaux, Trenton, Washington, and various
smaller places. In Mississippi,i Biloxi, Brandon, Clinton, Grand Gulf, Greenwood,
.Jackson, Natchez, Pascagoula, Pass Christian, Port Gibson, Washington, Woodville^
Yiizoo, In ArJcansns: Columbia, Grand Lake, Napoleon. lu Texas: Brownsville^
Cypress City, Galveston, Hockley, Houston, Indianola, Liverpool, Richmond, Saluria!

18(;7.—The epidemic of this year was widely extended in the State of Texas. The
lirst recognized case in New Orleans occurred on the 10th of June. The total mortal-
ity in this city was 3,093. Other towns visited in Louisiana were New Iberia and
Opelousas. In Texas the first cases occurred at Galveston on the 26th of June, and
the total mortality in this city was 1,1.50. Oljjer places visited by the epidemic were
Alleytou, Anderson, Austin, Bastrop, Brenham, Calvert (mortality 250), Chapel Hill
(mortality 123), Corpus Cluisti, Danville, Goliad, Hempstead (mortality 151), Hunts-
vdlo (mortality 130), Iiulepeiideiice, Indianola (mortality 80), La Grange (mortality
200), Liberty, Millican, Navazota (mortality 154), Oldtown, Port Lavacca, Rio Grande
City (mortality 150), Victory (mortality 200).
1873.-Florida, Alabama, Mississippi, Louisiana, and Texas again suflerod from an

pp.demic of yellovv fever in the year 1873. At Pensacola, Fla., the first recorded
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Ciiso occurrocl August 6, and the total mortality was 61. lu Alahama the diBcase
appeared at Mobile on the 'il.st of An;;ii,st, and the total mortality was but 27;
Montgomery suiTered a loss of 102. In Loitiaiana the raorbality iu the city of New
Orleans was only 225, although the epidemic had its origin in this city. It was
imported by the Spanish bark i'aJjHiraino, which sailed from Havana June 15 in bal-

last, arrived at New Orleans quarantine station June 24, was detained 2 days, and
came to the city Juno 20. The lirst case was the mate of this vessel, who was taken
sick ou board July 4, while she was lying at the wharf. But for the sickness and
death of the mate of the I'alpunttHO the origin of this epidemic would have re-

mained obscure, and the believers iu the local origin of the disease would have had
a strong case, for no other cases of the disease occurred on the Valparaiso. This is

explained by the fact that the crew consisted of acclimated Spaniards, and the mate
seems to have been the only susceptible person on board who could serve as a test

of the infection of the vessel at her port of departure. From New Orleans the

disease was carried to Memphis by the river steamer Bee. It caused a mortality in

tbiscity of 2,000. River steamers from New Orleans also carried the disease to Shrevo-

port, La., where the mortality was 759. From Shreveport a refugee lied to the town
of Calvert, Tex., where he was taken sick and died. An epidemic followed with a

total mortality of 125. The disease was also introduced by refugees to the town of

Marshall, Tex., where 3G deaths occurred. The epidemic of this year at Pensacola,

Fla., was due to an independent importation by the ship Golden Dream, and Mont-

gomery, Ala,, became infected through refugees from Pensacola.

137fc!.—The last and most extended epidemic of yellow fever in the United States

is that of 1878, which invaded 132 towns and caused a mortality of 15,934 out of a

total number of cases exceeding 74,000.

The origin of this epidemic was traced by the president of the Lonisiana State Board

of Health (Chopin) to the steamer Emily B. Souder, which arrived from Havana, May

23, and was moored at the foot of Calliope street. New Orleans. Dr. Chopin says:

"The first cases of yellow fever in New Orleans in 1878 were nndoubtedly two of

the officers of the above steamship, namely, Clarke, the purser, and Elliott, one of

the engineers." Infected centers were developed in the vicinity of the honses in

which these men were sick, but not nntil after an interval of several weeks, during

which, probably owliug to unfavorable conditions as to temperature, the "germs"

remained dormant, or at least multiplied so 8lo>vly as not to cause an outbreak of

the disease.

Fortunately this great epidemic has been carefully studied by a "board of ex-

perts, authorized by Congress," and we have a very complete history of its geograph-

ical extension, and of the deadly results which marked its course. The following

data are from the report of this " board of experts."

iouisiaHa.—New Orleans mortality, 4,600; AUamauds Station, 17; Baton Rouge,

193 ;
B^you Cypre, 7 ; Berwick City, 7 ; Buras Settlement, 3 ;

Clinton, 15 ;
Delhi, 34

;

Delta 47 ; Doualdsonville, 71; Gretna, 53; Hammond, 5; Henderson, 18; Houma, 6;

Jesuits Bend, 2; Labadieville, 24; La Fourche, 26 ;
Lagonda and other plantations,

42- Morcrau City, 100 ;
NapoleonviUe, 8; Paiucourtville, 15 ;

Pattersonville, 47 ;
Pilot

Town 17- Plaquemiue, 125; Pouchatoula, 3; Port Eads, 13; Port Hudson, 11; St.

Bernard Parish, 7 ;
Tangipahoa, 50

;
Thibodeaux, (55; Teche country plantations, 81.

Temtmce.-Bartlett, 9; Brownsville, 212
;
Chattanooga, 135 ;

Colliersville, 56; Ger-

mantown, 35; Grand Junction, 74 ; La Grange, 37; Martin, 40; Mason, 24; Memphis,

5,000; Milan, 12; Moscow, 35; Nashville, 6 (all imported cases) ;
Paris and suburbs,

23 ; Somerville, 57 ;
White Station, 50 ;

\^ailiston, 11.
nn

Ji;«,&ama.-Decatnr, 44; Florence, 50 ; HuntsviUe, 12; Le.ghton, 1; Mobile, 90;

Stevenson, 6; Town Creek, 4; Tuscaloosa, 2; Tuscnmbia, 31. „ .

m.s^s«i;,i.-Bay St. Louis, 82; Benton,!; ^^-^
^^'jf '/fj^.'

Brown's plantations, 4 ;
Canton, 180 ;

Vicinity of Canton, 47 ;
Dry Grove, 41

,
1« run s

pit, 7 ;
Gaiusville, 2 ; Goodrich Landing, 12; Greenville, 301 ;

Grenada and vicinit,,

343; Lo n Lake, 2; Ilandsborough, 16; Hernando, 80; Holly Springe, 309; luka, 3,
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Jackson 86: Lake, 86; Lebanon, 10; Livingston, 10; McComb City, 21
;

Men- .an,

91 S'ei .pi Cit;, 15; Ocean Springs, 30; Osyka, ..5; Pass Christian, 23; Pearl.ng-

ton 2 ; Por? Gibson, 115; country about Port Gibson, 150; Refuge Land.ng, 1 ;

Rocky Springs, 38 ;
Scranton, 20 ;

Stoneville, 15
;
Spring Hill, 6 ;

Sulphur Springs 5

;

SenatobirrlTerrlne, 4; Vicksburg, 872; vicinity of Vicksburg, 300; Water Valley,

64 • Winona, 3 ; Wintervillo and vicinity, 26 ;
Yazoo City, 9.

, ,

ire»<«a7/.-J}ovvling Green, 19; Hickman, 153; Louisville, 64 (mostly refugees).

0/,io.—Cincinnati, 17 (refugees) ;
Gallipolis, 18.

///i/iois.—Cairo, 51.

jVissoH/ i.—St. Louis, 16 ;
ciuarautino (near St. Louis), 42.

ETIOLOGY.

The preceding historical record shows that in the United States, as elsewhere, yel-

low fever has prevailed more frequently in seaports than in inland towns, and that,

when epidemics prevail in the interior, their origin cau commonly be traced to the

nearest seaport, or to intermediate towns iu comnuiuicatiou witli it. Towns upon

or near the coast which have no commerce are no more subject to invasion by yellow

fever than are interior towns, unless it be by reason of their proximity to a seaport.

Moreover, the fretiuency of epidemics in our southern seaports, before the era of effi-

cient quarantine administration, bears a direct ratio to their commercial importance,

and especially to their commercial intercourse with Havana or other endemic foci of

the disease. Thus New Orleans suffered epidemics of greater or less magnitude in

48outof tuo first 60 years of the present century. During the same period (1800-1860)

Charleston suffered 28 epidemics; Mobile, 22; Pensacola, 17; Savannah, 9; Galves-

ton, 7. That local conditions are favorable for the development of an epidemic at

many of our interior towns, especially those located on great rivers near the sea

level in the Southern States, is amply proved by the epidemic of 1878. That yellow

fever does not occur at these towns, except as a result of the introduction of infected

persons or articles, is beyond question. So, too, in seaport cities there is no reason

for believing that any radical change has occurred in local conditions during the past

28 years
;
yet, during this time New Orleans has only suffered 6 epidemics, while

during a corresponding period (28 years) prior to 1860 there were 22 years of epi-

demic prevalence of the disease. A similar comparison for Charleston shows 14

years of epidemic prevalence prior to 1860, and only one since.

Up to the year 1860 there were many advocates of the local origin of the disease in

these seaports, and the disease was considered endemic by many physicians, both in

Cliarleston and in New Orleans. But to-day scarcely any one questions the fact that

the disease, notwithstanding its frequent prevalence, was due to importation, and
that it is nowhere endemic within the boundaries of the United States. It is not
improbable, however, that in certain instances the "germs" of the disease have sur-

vived the winter season, and that " sporadic cases" and epidemics have occurred as

a result of importation dating back one or more years. It is claimed that the epi-

demic of 1879, in the city of Memphis, was not due to a new importation, but re-

sulted from the hibernation of germs in houses infected in 1878. Dr. Thornton,
President of the Memphis Board of Health during these epidemics, says :

" The dis-

ease appeared in houses in the suburbs, which were infected last year;" and states

fnrther that the first case reported to the health office occurred on the 8th of July,
at which date the disease was not prevailing in any part of the United States. In
New Orleans, in epidemic years, cases have sometimes continued to occur during the
greater part of the month of December, and in Tampa and Plant City, Fla., where
yellow fever was epidemic in the summer of 1837, cases are said to have occurred at
intervals throughout the winter. Admitting, then, the probability that the recurrence
of the disease in our Southern seaports has sometimes been due to the preservation
of infectious material in an active state throughout the winter, we must insist, nover-

4067 4
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tlicloss, that there is no satisfactory evidence of the dc novo origin of the disease from
local oHusea, either in our own country or elsewhere; and that, wherever its original
habitat may have bei'n, the prevalence of the disease within the jjcriod to which our
authentic historical records relate has been duo to the importation of cases, or of in-

fected material, from a previously infected place. In other words, the disease is due
to a specilic infectious iigeut.

As to the nature of the spocij'm cause of tlie disease there can scarcely be two opin-
ions. The present state of scie-ice jnstilies the belief that it is a living microorgan-
ism

; aud facts relating to the origin and extension of epidemics bhow that, as in

cholera and in typhoid fever, this microorganism is capable of developnieut outside
of tlie hunuiu body under favorable conditions which will bo discussiid hereafter.

Unfortunately, the present state of science does not enable us to give au account of

the deadly microbe which wo assume to be the cause of the disease under considera-

tion. We know to-day the mori)hological and physiological characters aud the hab-

itat within the body of an infected individual of the spectic cause of cholera, of

typhoid fever, and of relapsing fever, but the researches made up to the present time

liavo failed to demonstrate the " germ" of yellow fever.

SUSCEPTIBILITY.

Individuals of every race and of all ages, who are exposed to the yellow-fever

poison foi' the first time during the epidemic prevalence of the disease, are subject to

be attacked. But there is a wide dilfereuce in the degree of this susceptibility among

races, aud among individuals of the same race.

RACE.

It has been asserted that the negro race has a congenital immunity from yellow

fever, but this is a mistake. The susceptibility of the negro is, however, much less

than that of the white racci, and among those attacked the mortality, as a rule, is

small. This is shown by the statistics relating to white and black troops in the Brit-

ish service at West India stations. "While in Jamaica the annual loss among the

former amounts to 102 per 1,000 of the moan strength, the deittbs among the black did

not exceed 8 per 1,000. In the Bahamas the mortality of the whites was 59 in 1,000,

that of the blacks, 5.6 in 1,000 " (La Roche).

In the report of the board of experts appointed by Congress to investigate the epi-

demics of 1878, we find the following remarks :
" Berwick City, 40 cases amongcolored

no deaths. Morgan City, 21 cases among colored persons. Brownsville, Teuu., of 1G2

colored cases 21 died. Chattanooga, of 085 cases, 256 whites, 429 colored; of 164

deaths, 118 whites, 46 colored. Decatur, Ala., of 64 white cases 28 died, of 168 col-

ored 21 died."

The indigeneous races of the West Indies and of the continents of North and South

America have no immunity, except such as is acquired by residence in an endemic

focus of the disease, and the same is true of the Mongolian race; but like the ne-

gro they have, although to a less degree, less susceptibility than the white race, aud

the mortality among those attacked is not so great.

In "eneral, it may be stated that the natives of northern latitudes are more suscep-

tible than those born in tropical or subtropical climates. Blair, who had an extended

experience in Guiany, says : " The lower the winter temperature in the native country

of those attacked the more severe was their sickness, so that while the mortality

unon.r West Indians amounted to only 6.9 per cent, of the sick, it rose to 17.1 among

the Italians aud French, 19.3 among the English,20.2 among the Germans aud Dutch,

and 27.7 among Scandinavians and Russians."

Barton gives the following figures, showing the mortality per thousand among
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aiften-nt races, and those of the same i-acc from dilVercufc latit.ulos, in the city of

New Oiieuus iu the great eijideiiiic of 1«53
: ^^^^ ^^^^^

3. 5d
Native Creoles

Strangers from

—

West Indies. Mexico, aud SontU America

Soutlieru States of the Uiiion
'^j'-f

Spam and Italy

Middle States of tlie Union
-^f't^

New York and New England States o^*

Western States of the Union 44. 23

4y. 13
i rauce

British America ^^•''^'^

Great Britain ^^'^''^

Germany
^'^f

•

Scandinavia 103.26

Austria and Switzerland 220.08

Netherlands ^^'^^ '-^^

SEX.

There is probably no difference in the susceptibility of the sexes, bnt maples are at-

tacked in greater proportion than females, because they more frequently and often

recklessly visit infected localities. The n^ortality is, as a rule, considerably greater

ainoiig males. Ligou, iu giving an account of the pestilence at Barbadoes in 1G47,

of which he was an eye-witness, says: "The cause was unknown; one could not

say if the ships of commerce had imported the scourge, or if it came from bad food,

marshy water, the intemperance of the colonists, and, above all, the great quantity

of eau-de-vie which they drank. » * * It was the most debauched who perished

lirst, aud not one womati died for ten men." No doubt Ligon was right iu ascribing

the difference in the mortality of the sexes largely to the difference iu their habits,

with reference to the u.se of eau-de-vie. Those who habitually use spirituous liq-

uors are less likely to recover from an attack than the temperate, aud a recent de-

bauch is a recognized predisposing cause. Sailors who go ou shore at an infected

port for "a little spree" very commonly turu up in the hospital, or are taken sick

after they come on board shiii, aud serve as the starting point of an epidemic among
their comrades, and subsequently perh.aps at the port of destination of the vessel.

The greater prevalence and severity of the disease in epidemics among males has
been noticed by numerous authors, aud has beeu verified iu the writer's persoual
experience.

AGE.

Infants and old persons enjoy a comparative immunity, due in part, no doubt, to
the fact that they arc loss exi)08ed than active individuals in middle life. Dr. Rush
records the fact that he has " met with a violent case of the disease in a child of four
months, and a jnoderato case iu a child of ten weeks" (La Roche). Very youu"-
infants, however, commonly escape, or suiter so mild an attack that the nature of the
disease is not recognized. In cities like Now Orleans, w^hich have suffered repeated
epulemics, the iiroportion of children attacked is often exceptionally large, because
they constitute a large share of the unacclimated population, having beeu born since
the last epidemic. Dr. Bomiss has giveu the following table, showing the number
attacked and the comparative mortality for different ages, in the great epidemic of
1878.

The results of private practice in New Orleans are exhibited in the following sta-
tistics. Four of the principal ])ractitionors in the city treated, in private practice
97.5patieut8-90U white, and GO colored. Of the former, 'J2, or 10.11 per cent., died^



52 ETIOLOGY AND PREVENTION OF YELLOW FEVER.

of the colored only 2 died. The cases aud deaths among the whites, classified by
age, are as folio ws :

Age.

Uutler 5 years ol a^o

lYoin 5 to 10 years of age

.

From 10 to 20 years of ago

From 20 to 40 years of ago

From 40 to 00 years of age

From GO to 80 years of age

Cases.

200

23y

183

232

47

4

Deaths. Per cent.

20

20

0

39

6

2

12. 07

8.01

4.9

10.7

12.7

50.0

This table does not support the statement that adults'are more likely to be attacked

than children, bnt it must be remembered that it relates to cases occurring la private

practice, in a community in which the adults were largely i)rotected by previous

attacks, or by passing through repeated epidemics.

In a review of the mortality in the same epidemic, with reference to age, Dr. C.

B. White arrives at the foUowiug conclusions:

"First. That the mortality of boys at 4 years is not because a very much larger

7iumber of boys were taken sick, but that there is an actual greater mortality.

"Second. It is seen that, though the deaths decline with great rapidity—being at

4 years 344; at 5 years, 169; at 0 years, 65, the cases do not decrease in the same ratio,

but decline at follows: Cases at 4 years 822; cases at 5 years, 740; cases at 6 years,

624; the recoveries being proportionally much larger.

"Third. From 7 to 11 years of age the death rate remains uniform, the disease being

comparatively much less fatal. According to Dowlor, the mortality among children

in the epidemic of 1841, in New Orleans, was very small. On the other hand, in the

epidemic of 1853, in the same city, it was considerable."

Dr. Charles Delery has given the following table, compiled from the official reports

in the office of the board of health, showing the mortality during the epidemic of

1S67, among children born in the city of New Orleans :

Age. Males. Females. Total.

9 9 18

22 18 40

18 23 41

19 10 29

13 9 22

10 2515

2t 5 29

10 9 19

9 1 10

139 94 233

Total deaths from July 29 to November 7, 1867 : Males, 167 ;
females, 133 (of these

5 colored, 2 males and 3 females).
.

Dr Henry Smith, Marine Hospital service, reports that m the epidemic at Shreve-

nort La., in 1873, out of a total of 584 deaths in which the age was ascertained 100

died'und r 10 years ot age, 93 died between 10 and 20 years of age 156 died between

20 and 30 yearl of age. 134 died between 30 and 40 years of age, 59 died between 40

and 50 years of age, 29 died between 50 and 60 years of age, 13 died above GO years

of age."
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IMMUNITY.

Iinimmity is iicquired by suflering an attiick of the disease, or by loug residence iu

localitios where it is eudeuiic or prevails i'requeutly as au epidemic; this acquired

imuiunifcj'^ is not, however, absolute.

Second attacks no doubt occasionally occur, although this has been denied by some
authors. Blair, whose experience was very great, says that he does not believe there

is an instance of a second attack after a month's perfect restoration to health. Other
authors are equally positive in their statements. On the other hand, we have numer-
ous authentic accounts of second attacks. Thus "Dr. Jackson states that iu Spain,

during the epidemic of 1820, 20 well-authenticated instances came within his knowl-
edge of persons being attacked who had had the disease before." Dr. Wragg,
speaking of the epidemic in Charleston iu 1854, reports the occurrence of second
attacks in a number of Instances, and says : "Six of these were so well proved as to
admit of no doubt on the subject. Some of the patients were identified as having
gone through the fever iu this (the Roper) hospital in 1852, throwing up black vomit
on both occasions." (La Roche.) Dr. Rush has given evidence of the same kind,
and says that a second attack was more common when the first had been compara-
tively mild.

Dr. Delery, in his account of the epidemic of 1867 in the city of New Orleans,
gives 3 cases of second attacks, 1 fatal, in which the first attack occurred in a
previous epidemic iu the same city, and was vouched for by experienced physicians
known to him. While, then, it can not be denied that second attacks occasionally
occur, the evidence of experienced observers in all parts of the yellow fever zone is
opposed to the view that this is a common occurrence. Those who have considered
yellow fever nothing more than a grave form of malarial fever, an idea which was
entertained by numerous physicians in this country and in the West Indies in the
early part of the present century, very naturally failed to differentiate the disease
from the endemic malarial fevers which they encountered, and believed that it mi^rht
recur an indefinite number of times.

°

ACCLIMATIZATION.
It is a remarkable fact that the population of a large city like Havana, or RioJaneiro, m which yellow fever has been endemic for a series of years, enloys such adegree of immunity from the effects of the deadly poison that there is no Interrupt

tion of business or pleasure at a time when strangers in the city are fallina- sick onevery side The development of an epidemic in these cities depends upon the'-p; enceof susceptible strangers in sufficient number to furnish a series of cases consk eredarge enough to justify the use of the word. The presence of but few stranger 'dnr

but *tr' r
'° —^-"^-"t that the disease is not epidenlbut that sporadic cases occur from time to time. Under exceptional circumstrces'however epidemics are developed in these endemic foci of the disease, in Xttliose

a 2 7 ;r 7 '"'I'P^'^'^^^ ^'^ acclimatized furnish a certl

.Il80«86 race ,1„ri„„ life fcr .he 2!, I ? ' '"Vo this

to many „f a,J°' ' ' """"S "^^^ooa, a,„l that it proves fatal
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has boon thongbt by niiiuy pbysiciu„8, proTious to 1853, tbat at least one-third of all«tn „ger,s Betthn. pev.nanc.tly in New Orleans escaped yellow fever altogether "
Ibe exemption of the ereolize.l of the city is a fact which every epi.bnnic h-mconhr„,e.l

;
for exau.ple, take that of 1841, in which 1,800 died, 5 of wL.n o „ y o

voirf r.t-''
' '"^"'^ ' ''''' ^1-ths loZyellow fever but 2 are certified as having been born in New Orleans »

The writer quoted believes, with many other physicians residing in endemic fociof the disease that immnnity is, " to a great degree, hereditary, or transmissible
Iron, parents to children." This is generally accepted among the physicians and the
native population of the city of Havana; but there is reason to beiievo that it is a
mistake, and that the creole child owes his immunity not to his parents, but to iudi-
vulual acclimatization, and not infrcpiently, to say the least, to a mild, unrecognized
attack of yellow fever. Dr. Dowler says that "many creole children had, durin-
the epidemic of 18.53, a fever, a slight fever, yellow fever if you please, kno.vn as
such rather by the coexistence of the epidemic than from any severe symptoms
among these children, a slight fever never yet described, having generally but one
paroxysm, lasting from six hours to one, two, or three days, scarcely ever reauiring
medication. That a few of these cases acquired an alarming violence, and even
proved fatal, is most true, most deplorable."

Hinemanu writes Avith reference to Vera Cruz: "Until lately the physicians and
people of Vera Cruz supported with fanaticism the dogma that natives wore abso-
lutely exempt from yellow fever. But the fearful epidemics of recent years (1875,
1877, 1878) have worked a change; for so many native children and adults suffered
that the truth could no longer be denied that these do not enjoy an absolute immu-
nity."

In Cuba the dogma that Creoles are exempt from yellow fever did not withstand
the searching investigation made by the Havana yellow-fever commission of 1879.

"We quote some of the evidence collected and reported by Dr. Chaille, president of
this commission: "Dr. Navca, of San Josd de las Lajas, an inland town some 20
miles southeast of Havana, presented the following interesting report after it had
received the full approval of Drs. Cabrera and Bofil, his colleagues at San Jos6: ' We
have here annually, in the practice of the three physicians, from twenty to thirty

Cuban children and from thirty to forty Cuban adults attacked with bilious remit-

tent fever, which is popularly designated tyi)hus. There is nothing whatever to con-

stitute a differential diagnosis between this fever of the natives and the yellow fever

of strangers. It is characterized by its hemorrhagic tendency, albuminuria, black

vomit, and all the symptoms of yellow fever. It is so well marked that even when
seen by the uneducated they exclaim, " Voniito!" The treatment for the one is best

for the other. We have never seen a second attack of this bilious remittent fever,

nor one who had recovered from it attacked with yellow fever. If any one of us

three physicians here sees this fever attack a native Cuban we say "biliotis remit-

tent fever, " and if it attacks a person not a native of Cuba we say "yellow fever; "

but at bottom it is the same disease, and we agree to call it bilious remittent fever

in Cubans solely because these believe themselves exempt from yellow fever, and

are so prejudiced that they would be alarmed if assured their disease was really

yellow fever."

Dr. Mantiguazi, of Cienfuegos, reported as follows: "During December, 1875, the

sanitary condition improved, but a certain fever has prevailed among children, which

is known here as typhus, althona^i it resembles in nothing the disease to which Euro-

peans give this name, and which so often occurs in camps. By this fever I have lost

one patient, a child 8 years of age, born in this town. It preseiued all the symptoms

of yellow fever, for on the second day this patient had the characteristic vomit and

stools, and died on the third day. In a consultation with three other physicians they

agreed with me in my diagnosis, with this difference, that they said that these same

symptoms which constituted yellow fever in strangers constituted in natives typhus.

I have been told that eight to ton children have died of this disease."
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Dr. Mazanedo, a ffradiiato of Paris, who had had 20 years' experience in Cuba,

wrote as follows: "In my own practice I have seen cases of yellow fever iu children

from 1 to 5 years of ago, and oven not over a year of ago, iu whom it has been fatal,

and I am now well convinced that children born in Cienfnegos areexactly in the same

conditions the first years of their lives as are other newcomers and jnst as liable to

its attacks. Nevertheless I consider that children are generally less prone to suffer

severely. « » * Worthy practitioners of this locality give the name of typhus

fever to these cases, and .although they .admit that no difference whatever exists be-

tween the symptoms, march; and duration of this compared with yellow fever, still

they think the former a swamp fever, and hence more amen.able to qninino."

Blair, who has written a classical account of the epidemic of 1851-54 in British

Guiana, saj^s that "infancy was one of the most favoring causes of the action of the

yellow-fever poison. The constitution of tlie new-born or young white Creole was

highly susceptible. He or she was truly in the category of newcomers."

Recent experience at Key West (epidemic of 1887) shows that the children of accli-

mated Cubans, born since the arrival of their parents at Key West, have the same

snscoptibility to the disease as other children born of native (crcole) parents. We
can not, therefore, admit that inherited immunity has been established.

On the other hand, we are not prepared to assert that there is no immunity inde-

pendent of an attack of the disease. Unrecognized mild attacks in adults, and espe-

cially in the negro race and among creole children, are no doubt of frequent occur-

rence. But it can not be denied that independently of any febrile manifestations

individuals of all ages who have resided in an infected locality for some time acquire

a comparative immunity, which increases with length of residence and degree of ex-

posure to the action of the specific cause of the disaase.

It is gener.ally conceded that this acclimatization islost, or at least reduced to a con-

siderable extent, by residence for some years iu a latitude outside of the " yellow
fever zoue." And some authors maintain that the immunity due to an attack of the
disease is in like manuer lost by a protracted absence from its accustomed haunts.
The writer's observations are opposed to the latter statement. In the epidemic at
Fort Barrancas, Fla.,iulS75, in whichnearly every unprotected person who remained
in the infected area suffered an attack, three officers, who had previously had yel-
low fever, remained in perfect health, although they had all resided for several years
in a northern locality since the date of their attack—one for more than 20 years.
Hinemann, who has had an extended experience at Vera Cruz, Says that "even for-

eigners may remain insusceptible to the disease for a considerable number of years,
provided they do not leave the focus of the disease during that period. An absence
of a few months only is sufficient to take away this immunity.
The fact that foreigners may remain for years in Havana, in Rio Janeiro, or other

endemic foci of the disease without suffering an attack is undeniable. I found this
especially to be the case in Rio, where there is a large foreign population. It is true
that some who have escaped for a series of years often fall sick at last in a season of
unnsnal epidemic prevalence, but comparative immunity is show^n by the fact that
as among the creole population, the disease is not so fatal with them as amongnewly
arrived strangers. The ofiects of acclimatization in large cities, like Rio Janeiro and
Havana, are illustrated by the fact that in these cities yellow fever is, for the native
population, a disease of minor importance. This is shown by the following tables.

In Rio, a city having a population of 400,000, the mortality from some of the priu-
cipal causes of death is given in the official report of the superior board of health as
follows, for the year 1886, which was considered an epidemic year so far as yellow
fever is concerned:
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In Havana, tlie principal cansos of death among tlio civil population, in the year

18d0, are given officially as follows:

Whites. Colored.

Oil

450

420

503

186

That acclimatization is not clue to the influence of climate, but is an acquired tol-

erance to the action of the yellow-fever poison, is shown by the history of this disease

in Rio Janeiro. At the time of its introduction, iu 1849, it found an unprotected

population, .and for a scries of years prevailed as an epidemic among this population,

causing a mortality quite comparable to that iu siunlarly located cities in other parts

of the world when first invaded by the scourge. At present the native population

furnishes but a comparatively small proportion of the total number of deaths by this

disease.

PREDISPOSING CAUSES.

Plethora is considered by many physicians, in the regions where yellow lever pre-

vails, to be a predisposing cause, and to account for the greater susceptibility of

strangers from northern countries. Contitipatlon is generally regarded as conducive

to an attack. Other predisposing causes are, fatigue from excessive exertion, debility

resulting from a recent debauch, or from any other cause, exposure to the direct rays of

the sun, violent mental emotions, such as grief or fear, and, iu general, any influence

capable of depressing the vital powers, or any disturbance of the normal functional

activities of the body.

MODE OF INFECTION.

Yellow fever is contracted by exposure in infected localities, and not directly by

contact with the sick. This is established by a mass of evidence which is recorded

in the literature of the subject, but is still denied by some physicians, who regard it

as a contagious disease in the same sense that smallpox and measles are contagious.

In this respect it is like cholera and typhoid fever. There is something given off

from the body of the sick by which, when external conditions are favorable, new

centers of infection are established ; and it seems probable that, as in the diseases

mentioned, this germinal principle of the disease is contained in the alvine discharges

of the sick That it is not given off from the geueral surface of the body is an infer-

ence which we base upon the established fact that the disease is not transmitted

directly from individual to individual. It is true that the contagiouists bring for-

ward a class of facts which, regarded alone, seem to give some support to their views,

but we believe these facts to be explicable in accordance with the statements above

made Persons who successively fall sick in the same house, or on board ship, are

not infected one from another, but contract the disease from a common source, the

infected premises, or ship. Indirectly, of course, they contract the disease through

the agency of the individual, or fomites, through whom the house or ship hrst became

'""Formerly the battle between the contagiouists and the noncoutagionists wa^ one

involvin.^ the question of local origin on one side, together with a strenuous denial

of the transmissibility of the disease and the value of quarantine restrictions. Iho

!ontaluists, on the other hand, insisted upon the exotic ongm of the disease and

its transmissibility by ships and persons. And to this extent they were right. There

can be rdoubt that the prevalence of the disease iu the United States depends upon

tZ introduction of an exotic germ ; but it also depends upon local conditions which

favor relvelopment of this germ. The yellow fever patient, however many germs

t tnarcar y in his intesliues^r elsewhere, does not directly endauger those who
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come uear him auy more than a gelatino stick—culture of the spirillum of Asia

cboleni, or of the anthrax bacillus places iu danger the student of bacteriology who

is engaged iu studying it.

It is well known to the people of the city of Mexico that a visit to the seacoast city

of Vera Cruz during the epidemic season is likely to result in an attack of yellow

fever. It is also well established that tho.se who fall sick with the disease after their

return to the city of Mexico never communicate it to others who are closely associ-

ated with them as attendants, etc. The same is true at the health resort, Petropolis,

located in the mountaiu.s, within a few honrs' ride of the city of Rio Janeiro. Fre-

quently individuals fall sick at Petropolis who have visited the infected city of Kio.

Never do they communicate the disease to others. This is also the experience of the

physicians in charge of hospitals—e. g., the Charity Hospital of New Orleans. So long

as the hospital and its vicinity remain uninfected, cases do not originate in the hospital,

although yellow fever patients may be admitted to the wards with unacclimatized

persons suffering with other disea-ses, and be cared for by susceptible attendants.

In his report upon the camps established near Memphis in the epidemics of 1878

and 1879, Colonel Cameron makes the following statement :
" It was found necessary

that the officer in authority should set an example of constant indifference to attack

in order to appe.ase, as far as possible, the constant anxiety of the population under
his charge. Especially was this true in 1878, as depopulation went on slowly that

year, and infected jjeople poured daily into the camps from the more pestilential por-

tions of the city. Very many reached camp with the fever on them, so that as many
as seventeen persons fell victims in one night, not a few in their tents. In no in-

stance, however, did they eommimicatc the disease to their families or hedfellows as far as
could be traced."

In the same epidemic (1878) Dr. Minor reports that over thirty cases were discov-
ered among refugees in Cincinnati, Ohio, and says: "No physician or nurse con-
tracted the disease, and in no instance did it exhibit any tendency to spread." The
same was true in Nashville the same year. Twenty imported eases occurred in different
parts of the city without auy local cases resulting from them (Report of Nashville
Board of Health). Evidence of this kind could be extended to fill a volume, but
sufficient has been presented to establish the statement; made, and the reader may be
referred to the "Proofs of Noncontagion," in the second volume of the classical work
of La Roche (pp. 236-56G),

We have already, in discussing the nature of the specific cause of the disease re-
ferred to the fact that there is no satisfactory evidence that the disease is contracted
by the use of contaminated water, as is the case in cholera and typhoid fever We
quote the following conclusions of the board of experts appointed to investi<rate the
epidemic of 1878.

"

(6) "Yellow fever is a disease of singular local attachments. It often becomes
epidemic in one section of a city, and sometimes a very small sectiion of it while it
fails to present itself at all in other sections of the same city, and in these' localiza
tions It exhibits a remarkable indifference to topographical and .social surroundinjrs "

(7) "In the dissemination of yellow fever, atmospheric air is the usual medium
through which the infection is received into the human system."

ETIOLOGY OF EPIDEMICS.
The development ofan epidemic of yellow fever in places removed from the endemicfoci of the disease depends upon : (a) the introduction of the specific cause by yellowfever patients or through infected articles-fomites

; (^>) local condltion^whichfavor the mul, plication of the specific germ external to the body;
( ) favor/blometeo.log.cal conditions; (.) the presence of susceptible individuaL'iu the in:;;^^^^

sioi!;io'^"nn.-ri!'e r"'
"'^'^'^ ••'""^•^ 'l""*^'^ following eonelu-sions also. (.Jl) Ihe most frequent agency in the dissemination of yellow fever
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from, plaeo to place is roniul in yellow fever paticiifs
; and more epidemics of yellow

fevor have resulted from tlio introduction into previously exempt places of persons
sick of the disease, or falling sick after arrival, than from all other causes. To
what extent the body of the sick person is responsible for this result, and to what
extent his clothing and baggage is responsible for it, is not known."
The last clause in the above quoted couclnsion shows that the board of experts

admitted the possibility that the yellow fever patient acts simply as a carrier of the
infectious agout about his person or in his baggage. The fact that he has yellow
fever is evidence that he comes from an infected locality, and he may be instrnmental

in establishing a new center of infection for this reason, rather than because he is

himself a victim to the disease. This is a possibility which should not be lost sight

of; bnt, reasoning from analogy and from known facts it seems extremely probable

—

indeed we may almost say oertain—that the sick establish new centers of infection

because the infectious agent is reproduced in their bodies and is contained in their

excreta.

That infected centers may be established independently of the arrival of sick per-

sons is, however, beyond question. A striking instance of this is afforded by an out-

break which occurred in Madrid in 1878. A circumscribed epidemic was developed

in this city about the Ist of September, which resulted in a mortality of 35 out of

50 cases taken sick. This outbreak was traced to importation, although all of the

cases occurred among the permanent residents of the infected area. Associated with

the young people who first fell sick, crowded in the same rooms with them to the

number of 10 or 15 in a room, were a number of soldiers recently returned from Cuba,

^vith ilieir laggage. These men had themselves suffered from yellow fever in Cuba, or

were acclimatized by long residence there.

"We have on record instances which appear to be authentic, of the development of

an ex)idemic as a result of the opening of a trunk containing infected dotlihig, sent

from a locality where the disease was prevailing to oue previously healthy. Epidemics

have also been traced to the unloading of earth iallast from the shores of an infected

port upon the wharves of a healthy place in the yellow fever zone.

The first eases of local origin in an epidemic do not, as a rule, occur uutil some time

has elapsed after the arrival of the iniected ship or fomites or sick person responsi-

ble for the introduction of the "germ." This interval may vary from a few days to

several weeks, according as local conditions are favorable or otherwise for the devel-

opment of the infectious agent.

In the great epidemic of 1878, which was traced by Dr. Choppin, president of the

Louisiana State board of health, to importation by the steamship Emihi B. Soudet;

which arrived from Havnna on the 23d of May, the first cases of local origin did not

occur until after an interval of 5 or 6 weeks. But these first cases occurred, accord-

ing to Dr. Choppin, in the immediate vicinity of the houses in which two of the

officers of the Souder (Clarke, the purser, and Elliott, oue of the engineers) died soon

after the arrival of that vessel.

The local conditions which favor the development of the exotic germ are various:

(a) Latitude. Our account of the geographical limits of the prevalence of the disease

suffices to show the inllnence of latitude, which appears to be simply a question of

temperature. (6) JUitnde. The facts do not justify the conclusions that the limita-

tions as to altitude depend solely upon the lower temperature of elevated regions.

As pointed out by Hirsch, " the disease stops short at mauy points in the West Indies,

where the clinuite is still in the highest degree tropical. On the other hand, there

have been epideinics in cool weather at very considerable altitudes, as, for example, at

Newcastle in Jamaica " (elevation about 4,000 feet). In the Antilles the disease has

rarely appeared at a height of more than 700 feet. In Mexico it has prevailed at

Cordova (2,500 feet), bnt it is unknown in the cities of Orizaba, .Talapa, and Pnebla,

which have an elevation of more than 3,000 feet. In Spain a single limite.l outbreak

has occurred at Madrid, which is about 2,000 feet above the sea level
;
but w.tl, tins

exception the altit.ulinal range has rarely exceeded 1,000 feet. In the United btates
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tl,e most elevated locality in wliicli the aiseaso has prevailed as an op.dem.c .s Chat-

lno^.a, Tcnn., which is 745 feofc above tho soal«vol. (c) Yellow fever is essont.ally

rie^s; of the seacoast, and while in great epidenucs it .nay become w.dely d.ffnsed

in tho interior, it follows, for the most part, tho conrse ol navu/ahle rvvers. (d) It is

a disease of cities and towns of considerable size, and rarely extends to small conntry

viUa-ros, or amons; the scattered rnral popnlation. (e) In seaport towns it freqnently

makes its first appearance in tho vicinity of the wharves, or in localities freqneuted by

sailors (fj Above all it is a disease whi<;h is influenced by local nnaanitary conditions.

In those places whore it is endemic it hannts the low lying and filthy portions of the

town and in epidemics it exhibits a marked preference for towns which are in an

nnsn.'.itary condition. It freqnently happens that when a town is invaded the dis-

ease is limited, for a considerable time at least, to tho filthy portions of the place, m
which the degraded victims of poverty and vice congregate in ill-ventilated apart-

ments, snrronudod by the tilth which accnmnlates in such localities when not kept

nnder'a rigid sanitary supervision, (g) Decomposing organic matter of anivial origin

seems to furnish an especially favorable nidus for the germ. This is shown by its

favorite hannts and by the fact that in marshy places in the vicinity of cities where

it prevails, and whore vegetable decomposition is active, it does not effect a lodg-

ment. On the other hand, the influence of putrefying organic matter of animal

origin in the production of epidemics has several times been made apparent.

Dr. Parkes, tho famous English hygienist, maintained the fecal origin of the dis-

ease, and there seems to be good reason for the belief that the accnmnlation of this

kind of filth in exposed situations is favorable to the development of an epidemic.

Conditions relating to soil and geological formation have not been shown to influ-

ence in an essential manner the development or diffusion of the disease. On the

other hand, the numerous epidemics which have occurred on shipboard show that

the disease is quite independent of such conditions, and at the same time disprove

the theory, so vigorously maintained by numerous authors during the first half of

the present century, that the disease is due to emanations of the same nature as

those which prodnce the so-called "malarial fevers." Meteorological conditions con-

trol in a most decided manner the prevalence of the disease in localities where it is

endemic, and its epidemic extension when new infected centers are established among
a susceptible population. The influence of temperature is shown by the fact that it

is a disease of the tropics and of hot seasons; that it prevails throughout the year in

the cities of Rio Janeiro, Havana, and Vera Cruz, although to a much less extent

during the cool season : while in more temperate regious its prevalence is limited to

the summer season. It does not prevail as an endemic disease in places which have
a mean winter temperature mnch below 65°, and as a rule epidemics are not devel-

oped at a lower temperature than 75° to 80° F. The approach of cool weather checks
the progress of an epidemic, and it is arrested completely when the temperature falls

to the freezing point. There are, however, numerous facts which indicate that the
infections agent is not destroyed by a freezing teinporatnre, although rendered inac-

tive. Epidemics which have been checked by frost have been revived by tho recur-
rence of warm weather, and in certain instances in temperate regions the germ has
'survived the winter, and a second epidemic has occurred withont a new importation
(Memphis, 1878-79; Cadiz, 1800-'01

;
Malaga, 1808-'O9). Epidemics which originate

early in the season often terminate before there is frost, simply because tho suscepti-
ble material is exhausted

; but when strangers venture within the infected area they
furnish ovidciico of the continued activity of tho morbific poison by falling victims
to tho disease. Tho iufluouce of season is shown by the following tables :
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Mortality from yellow fever in Rio Janeiro cTuring the year 1886.

Mouth.

Jnimftry . ..

February ..

Marcli

April ......

May
June

July

August

September

.

October

November .

December.

.

Total

Total
(leatLn.

Mean
tempera-
turo.

Total
raiufall.

o

135 77.5 1.03

234 70.3 10.91

347 77.5 3. 02

220 7.'). 0 8.81

48 09.2 0.35

18 07.3 1.68

0 05. 5 1.55

2 05.5 5. 37

0 08.5 4. 59

1 09.2 1.37

0 72,9 1.37

1 74.1 8. 02

1,015 49. 00

Mortalityfrom yellow fever ill Bio Janeiro from January, 1851 to July, 1870. (Birsch.)

Epidemic season.

Jaiiiiary 1,118

February 1, 760

March 1,732

April 1,434

May 996

June 557

Total 7,u97

89 per cent.

Nonf.picleraic se.ason.

July 242

August 104

Septnmber 108

October. 104

November 116

December 223

Total r 057

11 per cent.

Mortality from yellow fever in the city of Havana for ten years, 1870 to 1879, inclusive.

{Chaille, report to national hoard of health.)

Average

Month. 1870. 1871. 1872. 1873. 1874. 1875. 1876. 1877. 1878. 1879. of ten
years.

0 18 20 32 7 16 24 8 26 11 17

4 23 13 23 4 16 24 9 13 13 14

4 12 4 27 18 32 29 11 5 G 15

0 54 4 37 22 34 33 8 28 13 24

14 91 13 127 85 32 103 16 S3 40 57

66 201 68 378 172 142 292 143 184 237 188,

July 112 234 68 41C 301 187 675 249 504 475 328

201 138 70 127 41G 144 250 285 374 417 242

91 72 59 35 180 102 97 234 179 148 120

77 55 38 28 91 109 42 185 100 44 78

40 51 85 G 42 105 31 150 53 31 60

35 42 73 9 21 82 19 76 34 9 40

Total 005 091 515 1, 244 1,425 1, 001 1,619 1,374 1,550 1,444

Tlie above tables show uh that tcnincratnio is only ono of several faclois %n liich

control the prevalence of the disea.se, for with a tolerably nuiform temperature

durin- a series of years, at Vera Cruz, for example, we have some years mai-ked by a



ETIOLOGY AND PREVENTION OF YELLOW FEVER. 61

very coneivlerable mortality, e. g., 1875, 1881, and otbers, in wliich but few cases occur,

even during the hottest part of the season, e. g., 1869, 1870, 1879. Again, it happens

that after a summer of almost complete exemption an epidemic is developed in the

autumn which runs through the entire winter (1880-'81). xVn important factor which

does not usually .appear in statistical tables relates to the number of susceptible ijidi-

viduals present at dirtereut times. The arrival, for example, of emigrants or of

bodies of unaoclimated troops at Havana or Vera Cruz would almost inevitably bo

followed by a marked increase in the mortality from yellow fever.

Although the development of an epidemic seems to require a comi).arativcly high

temperature (75° to 80*^), exi)erience shows that it may continue in full force at a

much lower temperature (60" to 70^) when local conditions are favorable and a sus-

ceptible population is exposed in the affected area. A good example of this is

giveu by the epidemic at Chattanooga, Tenn., which city was invaded for the first

time in 1878. We obtain our data from a paper by Dr. J. H. Vanderaan, late of the

Marine Hospital Service.

The first imported case, a refugee, was taken sick August 17, died August 21.

The first case among the residents of the city occurred over 3 weeks later (Septem-
ber 13), and proved fatal on September 19. The further progress of the epidemic
and the mean temperature for each week are shown in the following table:

epidemic at Chattanooga, Term., in 1878.

"Week ending-

September 27

October 4

October 11 ...

October 18 ..

October 25 .

.

November 1..

November 8 .

.

November 15.

New
cases.

Deaths.
Mean

toiupera-
tiire.

40 21
o

79. 71

47 19 70. 42

144 22 66.66

99 33 03. 14

74 21 50.52

30 12 48. GO

9 4 53. 04

2 2 51.83

Here we have an epidemic, which was at its acme when the temperature was below
the mean temperature of the winter months in Rio Janeiro, Havana, or Vera Cruz
The monthly mean temperature in the last-named city, and the mortality for each
mouth for a period of four years, are giveu in the following table :

Mortality in the city of Vera Cruz for four years.

Months.

Jann.ary ..

February

.

Marcli

April

May
June

July

August . ..

September

October .

.

Novenibir

December.

1878.

Deat b

10

' 5

0

1

7

58

114

110

02

4.5

L'4

7

Mean
tempera-

ture.

09.5

72.0

70.0

80.5

84.3

80.9

85.0

84.0

83.4

81.2

77.3

70. 2

1879.

Deaths.
Mean

tempera-
ture

72.9

72.8

78.9

79.0

83.4

83.5

85.0

80.5

80. 7

79.0

79.0

73.4

1880. 1881.

Deaths.
Mean

tempera-
ture.

Deaths.
Mean

tcrapora-
tnro.

2
o

73.2 28
o

67.3
0 75.3 22 67.4
1

_ 78.1 20 75.4

1 80.8 29 77.

1

0 84.9 94 82.5
0 80.4 233 84.6

1 87.6 132 88.1

3 86.2 39 87.6

9 83.3 22 84.3

42 77.5 25 80.0
92 70.7 18 75.3

98 74.7 4 73.0
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An mspection of the above table shows that after an epidemic in the summer of
1878, whioli may bo said to have hi^^ted from Jime to December, two seasons of com-
parative immunity followed, which can not bo ascribed to a lower temperature.
Indeed, the average temperature for the six moiilhs from April to Se])tcmber, inclu-
sive, was somewhat loss in IbbO than in the epidemic years 1878 and 1881. 'a'^hui,
we see that in 1880, after an unusually healthy summer, yellow fever prevailed'to a
considerable extent during the mouths of October, November, aud December, al-
though the temperature was less than during the corresponding months of tlie pre-
ceding year. The epidemic impetus continued during the following year, attaining
its maximun of intensity in the months of May, June, and July, although in two of
these mouths (May and Juue) the temperature Avas lower than in the corresponding
uu)nths of tho preceding healthy summer.
Another factor of importance in tho etiology of yellow fever epidemics is atmos.

pheric moisture aud jyrevipitalion. Yellgw fever is a disease of the seacoast aud of
the margins of great rivers, and it does not prevail in arid, desert places in the
interior, although the elevation may be but little above the sea level, and the tem-
perature extremely high. There is reason to think that this difference is largely due
to the difference as to the moisture in the atmosphere and in the soil. Some authors
have insisted especially upon the presence of mois ure in the atmosphere almost to

the point of saturation as an esseutial condition for the development of au epidemic.

But, on the other hand, epidemics have occurred in unusually dry seasons, as at New
Orleans in 1841. In Martinique, according to Dutrouleau, yellow fever has some-
times committed its greatest ravages after and during the dryest seasons.

La Kocho states that the epidemics in Philadelphia were "connected in most
instances at least with a deficiency of atmospheric and terrestrial humidity—though

in all instances of its occurrence it will be found that, prior to the accession of dry

weather, the earth had been more or less saturated with rain." As pointed out by

this author, " the coexistence of a clear atmosphere is often seen." The fact seems

to be that, while a certain amount of moisture is essential, the limits vary consider-

ably. In genera], it may perhaps safely be said that the degree of humidity and

the temijoraturc most favorable for the rapid decomposition of organic material,

which forms the nidus in which the infections agent multiplies, are the most favorable

for the epidemic extension of the disease.

Heavy rains, by purifying the air and cleansing the streets and seweis of an in-

fected city, exercise a favorable effect upon its sanitary condition, and in the tropics

the commencement of the rainy season often puts an end to the prevailing epidemic.

It is probable that the statement made by some authors, that upon the coast of

Guiana, aud elsewhere iu the tropics, dry weather is favorable to the spread of the

disease, is but another way of statiug the fact that the heavy rains of tropical regions

are unfavorable, the dry weather being only dry by comparison.

In the north temperate zone southerly winds are favorable to the progress of an

epidemic, because of the elevated temperature which accompanies them, aud, on the

contrary, northerly winds have a tendency to arrest it. Fresh sea breezes, aud es-

pecially the trade winds in the tropics, by reason of their coustancy, are beneficial

from a sanitary point of view. They dilute and carry away the poisonous emana-

tions from the foul and narrow streets of infected cities and refresh and invigorate

the population.

There is no evidence that the infectious agent of yeUow fever can be conveyed by

the wind in an active condition to any considerable distance, aud the wind has but

little to do with the dissemination of the disease. Iu cities the extension of an

epidemic from centers, resulting from the importation of cases or fomites, is usually

quite gradual and independent of the prevailing currents of air. Tlio board of ex-

perts appointed by Congress to investigate the epidemic of 1878 arrived at the fol-

lowing conclusion : ,T1 T

" We liuow of no instance, either from our own observations or from tho published



ETIOLOGY AND PREVENTION OP YELLOW FEVEK. 63

recoras of yellow fever, iu which it has been cntahlished that the disease has beea

. to any considerable distance by atmospheric currents, or by any .node or

V hicl s of . onvcvance other than those connected with human traffic and travel.

'

In the comparatively sn.all and landlocked harbor of Havana vessels which

anchor sonu, distance fron. shore and which are kept in a good sanitary condition

.lo not snller fmin yellow fever unless nnaccliinati/.od members of the crow are per-

mi tied to jio on shore. , ^ ^ ^

Vessels lyini;- at the wharves, on the contrary, are very likely to become infected

There are, however, numerous instaucos in which vessels have become infected

from the shore or from other vessels, or in which yellow fever has appeared in places

lyin.' to the leeward of infected vessels, iu which the transmission of the disease has

been ascribed to the asency of the wind. It is dillicult to decide to what extent this

explanation is correct, for we would have to bo sure that no direct communication

had occnrred before accepting it; and the possibility that the infection may be cou-

veycd to the shore by iufected articles thrown overboard, iu the case of infected ves-

sels anchored to the windward of healthy places, must be borue in mind.

PKOPJIYLAXIS.

What has been said as to the etiology of yellow fever indicates clearly enough the

measures of prophylaxis to be taken iu localities subject to invasiou. These are : (a)

Exclusion of the exotic germ of the disease by the sanitary supervision, at the port

of departure, of ships sailing from infected ports, and their thorough disinfection

at the port of arrival when there is evidence or a reasonable suspicion that they

are infected ; (b) isolation of ilie sick on shipboard, at quarantine stations, and, so far

as practicable, iu recently infected places
;

(c) disivfection of excreta, aud of the

clothing and bedding used by the sick, and of localities into which cases have been

introduced or which have become infected in any way
;
(d) deiJOinilaiion of infected

places, i. e., the removal of all susceptible persons whose presence is not absolutely

necessary for the care of the sick.

The lime qiiaravtlne of former days, which proposed to exclude the disease by de-

taining ship and passengers at a quarantine station for a fixed period of time after

its arrival, irrespective of its sanitary condition, aud if yellow fever occurred on

board to quarantine the vessel for a certain number of days after the occurrence of

the last case, has been found unreliable aud has been pretty generally abandoned.

The modern method of exclusion which relies upon the sanitary supervision of the

ship at the port of departure aud, so far as practicable, while in transit, and upon
isolation of the sick and disinfection of the vessel when cases of yellow fever have
occurred on board at a quarantine station provided with the appliances for doing

this in an effective manner, has i)roved far more successful. Keliance upon a time

quarantine is unsafe for the reason that the vessel may remain infected for au indef-

inite period of time after the occurrence of cases on board, or even independently of

any case, if she has been at the w!,arves of an infected port. No niore cases occur
after all of the passengers and crew susceptible to the disease have .sull'ercd- an
attack, aud it may happen tliat there are no susceptible persons on board; but the
vessel is none tlie less infected and dangerous to the inhabitants of the port which
admits her to pratique without a thorough disinfectiou. On the other hand if wo
are to trust to the measures indicated the sooner they are put into execution the
better.

Depopulation of infected ships or towns, when ycHow fever makes its appearance
during the epidemic season, is a ineasnrc of great importance, which should be car-
ried out, when ])racticable, under proper medical supervision. It has often hap-
pened, especially upon naval vessels, that the well are retained upon the infected
ship and the sick sent to a hospital ou sliore, under the idea that the chief danger
lies iu contact with the sick. This is a serious mistake, aud has resulted iu the loss
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of many lives. In tbo United States Army it is well understood that all susceptible
well persons are to be removed to a healthy locality as soon as yellow fever is known
to have ett'ected a lodgment in quarters occupied by troops. It has been found by
experience that a move into camp checks the proj^ress of the disease anioug the gar-
rison, although this may be established but a few miles from the infected barracks.

In tbe case of towns in a country subject to invasion by the disease depopulation
often occurs in a way which is most dangerous to other communities. It very often

happens that tbo nature of the disease is not at first recognized even by the physi-
cians, and when recognized the hope is cherished that it will not become epidemic
until a considerable mortality, or the death of some prominent citizen, arouses the

fears of the people and a general "stampede" occurs. The attempt has often been
made to shut in the people of an infected town by means of a "sanitary cordon,"

composed of armed guards. This procedure is not only inhumane, so far as the sus-

ceptible inhabitants of the place are concerned, whom it is proposed to compel to

remain within the infected area, but it is, as a rule, iutile; for when a frightened

man desires to escape from an unseen enemy it is difficalt to keei) him in a place not

surrounded by iusurmonutable walls, or by an impassable barrier of some kind.

At the International Sanitary Conference of Rome (18H5) the following resolution

was adopted, with a single dissenting vote—that of the delegate from Turkey :

6. " Land quarantines and sanitary cordons are useless."

This related, it is true, to cholera, but it applies as well in the case of yellow

fever. Another resolution, adopted at the same conference, is to this effect

:

84. "The measures recommended against cholera are, in general, applicable to

yellow fever and to other diseases which prevail in epidemic form, under the influ-

ence of bad sanitary conditions, and which are transmitted by human intercourse.

"The most effective measures for preventing the propagation of diseases of this

class are

:

"The sanitary improvement of cities and of vessels sailing from infected ports,

isolation of the sick, and disinfection of infected or suspected articles and localities."

In yellow fever we require, in addition to this, depopulation of the infected locali-

ties whenever it is practicable, and this should be effected systematically, and with

due precautions to prevent the transportation of infectious material to other places.

Of all measnres of prophylaxis, those which relate to the sanitary improvement of

cities and towns liable to become infected are perhaps the most important. Munici-

pal hygiene has made great strides since the early part of the present century, and

it is probably to this fact, more than to any other, that certain Northern cities which

formerly suffered severely from yellow fever epidemics owe their long immunity

from such visitations— e. g,, New York and Philadelphia.

Individual ijropliylaxis requires the individual, iirst of all, to avoid infected locali-

ties. If it is absol.-itely necessary for a susceptible person to visit a place where

yellow fever is prevailing, or to remain in one in which it has effected a lodgment,

he should observe the following precautions: Keep away from low-lying and filthy

portions of the city ; avoid the vicinity of the wharves, and all localities known to be

centers of infection, especially at night; sleep as far from the ground as possible

;

avoid excesses of all kinds, and especially in the use of alcoholic drinks
;
keep out of

the sun during the hottest part of the day, and be careful not to become overheated

bv violent exercise; avoid constipation.
. , . „ -i i

With reference to the method of prophylaxis by inoculation, practiced in Brazil by

Dr. Domingos Freiro, and in Mexico by Dr. Carmona y Valle, the writer, after a care-

ful examination, has reported officially that—
i , „ r»r

« There is no satisfactory evidence that the method of inoculation practiced by Dr.

Domin<^08 Freire has any prophylactic value.

-rh^ claims of Dr. Carmona y Valle, of Mexico, to have discovered the specific

cause of yellow fever have likewise no scientific basis, and he has failed to demon-

strate the protective value of his proposed method of prophylaxis.
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INCUBATION.

Tbe period of incubation in yellow fever does not usually exceed 4 or 5 days, and

may be less than 24 houis. Instanccsof a nincb longer period of iucubation have been

given by various authors—even as long as 6 weeks or 2 months—but we are satisfied

that these are due either to error in diagnosis or to the fact that the cases resulted from

the establishment of a new and unrecognized center of infection. Those who believe

that the disease is only connnunicated by personal contagion naturally date the ex-

posure to the latest date when such personal contact was possible. Thus, when a

first case occurs on a ship at sea, two or throe weeks after leaving an infected port,

the period of incubation is supposed to be at least this long. Ou the contrary, the

attack is duo, in all probability, to the fact that the ship is infected, and the first case

will probably be quickly followed by others which have no direct connection with it,

but result, as it did, from exposure on the infected vessel. Instances of an attack

occuring within 24 hours after arrival in a city where the disease was prevailing as

an ei>idemic are numerous and well authenticated. Dr. Rush says in his account of

the epidemic of 1793 : "The seeds of the disease, when received into the body, were

generally excited into action in a few days. I met with several cases in which they

acted so as to produce a fever on the same day on which they were received into the

system," During the epidemic at Gibraltar, in 1804, strangers were in several in-

stances attacked on the second or third day after landing, and some are said to have
been seized on the first day. According to Drs. Pariset, Balby, and Frangois, the

period of incubation at Barcelona, in 1821, appeared very short. " We have," they
say, " very strong reasons to suspect, and these reasons are founded on facts, that
this period does not exceed 24 hours, or 3 days at most." (La Roche.)

In the epidemic at Fort Barrancas, Fla., in 1875, the writer had an opportunity to

fix the limits of the period of incubation. The whole garrison was exposed in the
infected locality, and a number of cases had occurred when the command was re-

moved into camp in a healthy place across the bay, near Fort Pickens. On the day
following the removal 7 ca!?es were sent back from the camp for treatment in hos-
pital. The next day 11 cases came from the camp, the following day 2, and the fifth

day 2, The remnant, consisting of 48 individuals, remained in good health until a
month later, when 2 cases again occurred in camp. We do not believe that these 2
cases represent a prolonged period of incubation, but suppose that in the interval the
camp had also become infected.

It is proper to state that several authors who have had great experience believe
that the period of incubation may be extended to 14 or even more days. (Blair,
Rush, Feraud.)

CLINICAL HISTORY.

As a rule, an attack of yellow fever is not preceded hy any well-marked prcmonHonj
sijmptoms. The attack may occur at night in one who went to bed in his usual state
of health, or in the early morning, after an uninterrupted sleep, or during the day,
while engaged in ordinary occupations. In other cases there is a feeling of lassitude
and discomfort for two or three days prior to the attack, with loss of appetite, slight
pain in the back and loins, a feeling of giddiness or slight he.adache, flatulent eructa-
tions, constipation, a tendency to perspire at night or upon very slight exertion and
more or less muscular debility, together with a disinclination for any mental exer-
tion.

Dr. Wragg, who had charge of the Roper Hospital, at Charleston, duriu"- the epi-
demic ot lHr,4, made particular inquiries with reference to pie,„oni(.,rv symptoms
an.l states that "out of a total of 225 cases the attack was sudden in 92; in 32 it€ame on insidiously, the patient complaining ,.f nmlaise, etc., for a considerable time-
and that 101 oftered the usual symptoms characleri/.ing the approach of ibvor

40G7- -5
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Tlio attack is counnoiily iuaiigiirated witli a more or less decided chill, wbicli by
its violence and duration alTords some indication of the probable severity of tbe case.

In certain grave forms of the diseaHo, however, the onset is iuHidions, and is not
marked by any perceptible chill. In a considerable proportion of the mild cases
also, especially in the tropics, there is no rigor, ami the patient, experiences at most
only a slight sensation of coldness, which qnickly gives place to that of beat. If a
tbennonieter is placed in the axilla during tbe initial chill it will be foujid that the

temperature is already considerably above the normal, and very fretiuently it reaches

tbe highest point obtained during the entire attack within a few hours from its in-

ception.

Accompanying the cbill are other nervous phenomena, similar iu kind to those

attending the onset of other specific febrile diseases. There is ceplialahjia, often very

severe, and located by preference in the forehead and supraorbital region ; the eyeballs

also are i)ainfnl, and there is intolerance of light in some instances. Va'inin the loins is

a very constant and early symptom, which occasions ranch distress, and sometimos

extorts groans and cries from the patient. At the same time pain is usually experi-

enced in tbe lower extremities, often of a very severe character, constituting the

coiq) de harre of the French authors; it aft'ects especially the calves of the legs, the

knees, and tbe ankles. These syujptoms continue and are even aggravated after the

rigor has passed and tbe febrile stage is fully developed. In tbe meantime the face bo-

comes tlusbed and sometimes deep red and swollen in appearance ; the eyes are shin-

ing and suffused, the conjunctiva) iTiore or less hypenemic and often deeply injected,

in severe cases presenting a tiery, inflamed appearance, which is accompanied by

photophobia; the skin becomes hot and dry and there is apt to be, especially in pa-

tients of a nervous temperament, great restlessness und jactitation.

Systematic authors have described numerous varieties of the disease, but these

are for the most part simply different grades in the degree of severity, or depend

upon individual peculiarities and complications. Yellow fever is the same in all

parts of tbe world where it occurs, and every great epidemic furnishes examples of

the several varieties which have beeji described. It will suffice here to mention

the classiilcation adopted by one or two standard authors. La Roche gives an

account of the clinical history of the disease under the following headings: Inflam-

matory species, including three grades, intense, mild, and ephemeral; congestive

species, including four grades, aggravated, adynamic, walking, and apoplectic.

Beranger-Feraud, in bis elaborate account of the disease as it prevails at Martinique,

classihes the cases as follows

:

First degree—MWd yellow fever.

Second degree.—YcMow fever of moderate intensity : (a) cases in which the onset is

frank ; cases in which it is insidious.

Third degree.—Gtiwo yellow fever: (a) ordinary forms, including the gastric, ad-

ynamic, ataxic, congestive, and typhoid forms; {b) rare forms, inchuliug the bypcr-

csthetic, gangrenous, algid or choleraic, and hydrophobic.

Fourth degree.—YoUovf fever sidcrante.

Different epidemics are sometimes characterized by the predominance of one or the

other of the forms described, and the character of the disease as to seventy often

varies .^reatly during the same ei)idemic. The earlier cases are sometimes mild and

the mortality small, while later the greater intensity or malignancy ol the poison is

shown by the occurrence of a large number of cases of the severest grade, and even

of those rapidly fa' al attacks denominated by the French sidcraute.

It is evident, from the account given of tbe symptoms manifested at the outset of

an attack, that these are not sufficiently characteristic to determine the nature of the

disease, and iu the absence of a prevailing epidemic its early recognition will depend

ar^ely upon other facts relating to the antecedents of the patien
,
etc. The complete

clinical h story of a case, however, gives a tableau which is easily recognized by one

who is familiar with the disease. In this clinical history the thermometnc obsersa-

tions form a very important item.
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Yellow l\:nr is a di.caxe of a single febvile paroxysm., lasting ivom 48 hours to / ,n- 8

davs .noro co.n.nonlv fiou. 3 to 5 days. The ac.no of tomperatni-o is reached at the

ontset, and from this tin.o the temperature 11 ne is a dcsco.uling one, interrupted some-

times bv a slifvht evenini.- exacerbation, up to the termination ot the hrst period of the

di8easel/c-6n7e stuye. The second stage is characterized by great prostration of the

vital powers and hists from a few hours to 2 or 3 days-sfa.^e of calm. 1 lie tempera-

ture dnriu-r this stage sometimes remains a degree or more above tlie normal, but more

commonlylt is normal or even subnormal lor a time. This is followed in severe cases

by a re«c<tonari//CTer of irregular duration which presents a more or less remittent

character. These features are shown in the accompanying temperature charts.

. Typical
Fort Bur

B. Pro.

JniH.'^'''"
^"^^^ mBlo.«(rca 20; Fori li«rro:iwi«. Pla., l5T:MSU'rnl>cni). 6. Fatal cmc. " mortA* mo/de

Naturally the typical temperature curve is disturbed by couiplicatious—visceral
congestions, abscesses, parotitis, etc. It is also disturbed by indiscretions in diet,
overactive medication, and by moral causes (especially fright and grief). In mild
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casos the acme of toniperaturo is reached dnriug the first 2 or 3 liours of the attack.
In more protracted and sovoro cases it is not reached nntil tho second or third day,
rarely later. In an analysis of 192 eases recorded by Faget, Jones, and myself, the
acme was reached on tho first day in 102, on tho socimd in 54, on the third in :J3, and
on the fonrth in '3. Tho temperature rarely, if over, exceeds 108°. The highest tem-
poratnre recorded by Fagot was 107.2^. Thornton, in a total of 143 cases occurring
at JNIemphis, noted a temperature of 108 in a single instance. With this exception,
100.5° is the highest temperature recorded by him. In my own observations 100°

has boon the highest temperature noted. Tho temperature often rises rapidly .just

before deatli, and a very high post-mortem tempcratun) (lOS'^" to 110°) is a common
phenomenon.
In certain cases tho initial paroxysm is divided by a more or less complete remis-

sion, into two or more distinct periods of from 2 to 4 days' duration. These
cases, which possibly depend npon a malarial complication, are not sutificiently nu-

merous to require a modification of the general statement that yellow fever is a con-

tin ued fever of a single paroxysm. In relapses, which may occur from imprudence

at any time after the termination of the first febrile paroxysm, the characters of the

initial paroxysm are repeated, but in nonfatal cases the duration is usually not so

long.

ThejjwZse in sthenic cases is full, strong, and hard at the outset of the attack, and

may reach 120 or more pulsations in the minute, more commonly not more than 100

to 110. It diminislies in rapidity aud force as the disease progresses, and this occurs

even when tho febrile heat is not reduced tor 2 or 3 days, and is considered by

Faget a valuable diagnostic sign. During the second stage of the disease the pulse,

however hard and accelerated it may previously have been, becomes preternaturally

slow aud soft. The feebleness of the heart, which seems to suifer especially from the

action of tho yellow-fever poison, aud which has undergone a certain degree of fatty

degeneration, is shown by this very compressible and slow pulse, which is often

reduced to 40, and sometimes even to 30 heats per minute. This constitutes a very

characteristic feature of the disease, aud aifords an important indication for treat-

ment during the period of depression, or "calm."

The tongue is sometimes but slightly coated at the outset, and is usually moist

;

generally it quickly becomes covered with a white coating, which may be in streaks;

the margins as a rule remain red
;
very commonly the tongue is narrow and pointed,

differing in this respect from the broad, flabby tongue of the malarial fevers. In the

progressof the disease it often becomes dry, and the coating assumes a brownish

color, or it may become very foul and loaded with sordes.

The /ace is at first Hushed or bright red and swollen, or it maybe of a dusky violet

hue ;
this, with the deep red suffusion of the eyes in severe cases, is quite character-

istic. The countenance often has an expression of anxiety or pain, or of dejection
;

again it may appear dull and indifferent.

In the last period of the disease, in fatal cases, the features become shrunken—

sometimes bloated and flabby ; the brows ate often contracted, and the eyes sunken,

with ecchymosed lids.

Thehyperjemia of the conjunctiv.-B in mild cases maybe temporary
;
in the more

severe ones it is apt to last through the first period, and in quickly fatal cases the

eves may bo deeply injected throughout. Usually, by the third day a careful inspec-

tion will show that the conjunctiva) have a yellowish tinge, which becomes more

intense as the disease progresses.
, .

The 8Un is hot and dry in some cases throughout the first period
;
in others it soon

becomes moist and there is a tendency to free perspiration, which is readily induced

by covering with blankets, w.arm drinks, etc. Even in those casos in which the skiu

is hot and dry tho termination of tho first period is marked by a soft, co,.l, .and usu-

ally moist surface. In exceptional cases the skin remains hot aud dry up to the fatal

termination. When death occurs in the stage of depression, the surface become^ gold
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aud often is covered with a clammy sweat. Many authors have spoken of a pecnliar

odor "iveu olFfrom the surface of yellow-fever patients, and various attempts have

been made to deliue its character by comparison with other known odors. Dr. Rush

said that it resembled that of the " washings of a gnu." Dr. Jackson describes it as

" sickly and faint, and not unlike the smell of a fish market."

The color of the skin, which has given name to the disease, is not always seen, but

usually a yellow discoloration begins to make its appearance toward the end of the

first period, and later becomes more intense, lasting for some time after convalescence

is established. It varies much in intensity, from a slight yellow tinge to a deep orange

or saffron color. In certain cases the skin presents a mahogany color, or that of

bronze. In fatal cases the yellow color is developed immediately after death, even if

it has not been very noticeable before dissolution took place.

The proportion of cases in which this yellow color of the skin is observed varies

greatly in different epidemics, and even in different periods of the same epidemic.

Dr. Rochoux states that in the West Indies it is absent in about half of the cases

that recover. Berenger-Feraud, referring to this statement, says that there are in

fact two kinds of icterus in yellow fever, the one due to blood pigment, denominated

by Trofessor Gubler hwmajiheique ; the other to bile pigments, and called by the same

author MUpheiqiie. The first is considered by Peraud to be constant and characteris-

tic; it occurs at a time when the urine is albuminous aud free from bile, and mani-

fests itself about the beginning of the second stage by a yellow tinge of the con-

junctivre, of the face, and of the skin over the great vessels. It coincides with the

period during which the haimorrhagic tendency of the disease manifests itself. The

other form of icterus appears at the eud of the second j)eriod, or during convales-

cence, at a time when the urine contains a notable quantity of bile pigments ; it

gives rise to the deep orange or saffron color of the skin which is so striking, but

which only occurs in a certain proportion of the cases, and can not be considered an
essential character of the disease. We are disposed to think that Feraud is quite

right in this account of the icterus of yellow fever. A slight yellow discoloration of

the conjunctivte can commonly be detected duriug the second stage, even in mild
cases in which no discoloration of the skin is perceptible.

Various skin eruptions have been described as occurring occasionally, but there is

nothing characteristic about any one of them unless it is the erythematous eruption
about the scrotum which Berenger-Feraud believes to be pathognomonic of the dis-

ease. Other eruptions mentioned as occurring occasioually are petechial, vesicular
and pustular eruptions, livid spots andvibices, erythematous patches about the knees
aud elbows, or a general erythematous eruption, jpapular eruptions, pustules about
the mouth, furuncles, etc.

The iirineiu yellow fever, even during the first period, is reduced in amount below
the normal standard. This marked reduction, aud in fatal cases very commonly com-
plete suppression, is a notable feature of the disease.

The presence of albumen in greater "or less amount is a symptom which is so con-
stant that it has come to be generally accepted as one of the pathognomonic features
of the disease.

The diminution in the amount of the urinary secretion in connection with the amount
of albumen present is of importance in a prognostic sense, as it is to a certain extent
an index of the gravity of the attUck.
The most marked diminution occurs during the stage of depression, aud the few

ounces secreted during the 24 hours iu severe cases are loaded with albumen to such
an extent as to form coagula which occupy one-half to two-thirds of the contents of
the test tube.

Iu a series of observations made at Fort Barrancas, Fla., iu 1875, to ascertain the
amount and specific gravity of the urine in nonfatal cases of yellow fever the
writer arrived at the following results :

'

The amount considered iu conuoctiou with the «j«c(/?c gravity is, of course, an
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ludoxof the total solids oxcivti'd. In the, tal.l.. wc i.avC, oliiMiiiatod fioin tlie s])ecilic
gravity column tlio c.n.stiint factor, 1,000. Tha .vnuuua lor the lirst day is no donl.t
too small, oil accoiiut of the luii.o having ))ccii only partly collected. It will bo
noted tluit the amount inereasL-s, while the speeilie {gravity diminishes, from the out-
set of the attack up to the time of complete couvalcscence.
Taking the average of sixteen uon-fotal cases, I obtained the following results:

I
Ainouut ill lluifl ounces X specific gravity — 1,000.]

„. A nit. S. G.

* "^^y 8 X 23 = 184
Second day IL 5 X 25 = 287

'^'"^y 10X28 = 418
Fourth day 18 X 22 = 390
Fifth day 19x22:^418
Sixth day 20 x 22 = 440
Seventh day 22 X 21 = 4G2
Eighth day 22 X 19 = 418
Ninth day 23 X 16 = 3G8
Tenth day 28 X 13 = 364
Eleventli day 37 x 11 = 407

Twelfth day 41 X 13 = 533

It will be seen that the product of the amount, multiplied by the specific gravit.v,

is tolerably uniform from the third to the twelfth day, and that this uniformity is

preserved by a daily falling off of the specific gravity to compensate for the daily

increase in quantity. To ascertain the product of amount ninltiplied byspecilic

gravity in patients convalescent from yellow fever at a later date, I had the uriue

passed by sixteen convalescents, on full diet, who had been out of bed from ten to

twenty days, preserved and measured. The result was tliat the average of amount,

multiplied by the specific gravity for the sixteen cases, was 491—a product but little

in excess of that obtained during the continuance of the fever when the patients were

quiet in bed. The figures in the table may then be taken as representing, approx-

imately, the normal quantity of urinary solids which should be excreted daily dur-

ing the progress of an attack of yellow fever, and if the amount falls materially

below these figures, defective excretion may be premised, and Ireatmenl and prog-

nosis governed accordingly.

In mild cases, only a slight trace of alhumen may be found in the urine for a day

or two, but usually the deposit is snfflcieutly abundant after the second day to leave

no doubt as to its character ; it becomes more abundant at tlje termination of the

first stage, and in severe cases throughout the stage of calm, at w^liich time suppres-

sion is very liable to occur, especially if, as a result of exposure, the cutaneous

transpiration is checked. The early appearance and abundant presence of albumen

is generally recognized as an evil prognostic. The reappearance of albumen, after

it has once disappeared, indicates a relapse.

The amount of urea eliminated by the kidneys is less than normal, and in inverse

proportion to the severity of the attack. According to Cunisset, the quantity is

generally in proportion to the amount of mine secreted, and when the amount in-

creases it is a favorable symptom. Uric acid is also said by this author to be present

in diminished quantity, but in much less proportion than the urea. He says: "We

have seen uriue containing only 7 grammes of urea per litre give a relatively

abundant deposit of uric acid." Bile pigments usually appear in the last days of

sickness, and their presence is generally considered a favorable prognostic sign. In

exceptional cases the urine may contain blood, from renal or vesical hemorrhage.

The urine in yellow fever almost invariably presents a decided acid reaction.

The symptoms connected with the iiervoHS si/slcm are varied. In mild cases the

intellect remains undisturbed, and only a moderate amount of transient pai.i in tlio
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Lea,! and back marks the onset of the attack. In severe eases the frontal I'eaflacho

and rachial^ria are most distressing, and may hist throujrhont the lirst period of the dis-

ease This stage is also one of great restlessness aud jactitation ;
the patient sleeps

but little, and his sleep is apt to be disturbed by distressing dreams
;
the mind often

seems to be in a stale of tension, the patient is watchful, excilcd, and anxious. In

other cases the mind is calm, and in others, again, there is a condition of apparent

apathy or indiilerenco. nolirium is not a very common symptom in yellow fever,

and the intellect often remains unclouded throughout, even in fatal cases. Some

cases, however, are attended with incohoreucy of ideas, or hallucinations, and in

some there is active delirium. More frequently the mind falls into a torpid condi-

tion, the patient is sommdent, aud when awakened is disposed to be taciturn. A

certain number of fatal cases are characterized by active delirium, followed by coma,

and a greater number by coma gradually developed. In a limited number of cases

death is preceded by convulsions, aud occasionally tetanic symptoms of more or less

general character have been noted. Among the nervous symptoms may be mentioned

deep sighing respiration, sometimes of a spasmodic character. Naturally the respira-

tion is increased in frequency during the febrile stage ; in the stage of calm it again

becomes normal in mild cases, or sighing and spasmodic in those of a graver char-

acter.

There is complete anorexia during the first stage of the disease, but when the re-

mission occurs patients are very likely to desire food, and even to insist upon having

it. Thirst is a constant symptom during the febrile stage, and also in the second

period, especially when there is frequent aud copious vomiting—black A^oinit. The

bowels are commonly somewhat constipated at the outset. In the second period of

the disease there is apt to bo more or less diarrhea, aud in fatal cases a dark lluid is

often discharged from the bowels, resembling precisely that from the stomach. Oc-

casionally there is a discharge of pure blood, the result of intestinal hemorrhage.

A choleraic form of the disease is sometimes met with in wliich there is profuse

diarrhea aud collapse, similar to that in the algid stage of Asiatic cholera.

Symptoms connected with the stomach form a prominent part of the clinical history

of yellow fever. The characteristic black vomit which has so much occupied the

attention of medical authors is for the vulgar the most striking feature of the dis-

ease, aud even many physicians reserve their diagnosis in early cases during an epi-

demic uutil they have had ocular evidence that the vomited matter is black. The
common name of the disease in Spanish countries—voiuito— refers to this symptom.
Yet in a majority of the cases there is no vomiting of black matter. Indeed, this is

recognized as a very grave symptom, aud although a considerable number of recov-

eries occur after the characteristic black vomit has been ejected, this may be consid-

ered an exce])tiou to the general rule.

Vomiiinii is a common symptom during the first period of the disease ; sometimes
the lluid ejected has a yellow color from the presence of bile, but more frequently it

is colorless andconsists only of the fluids ingested, containing, in suspension, a little

mnens from the stomach
; it is almost always acid. In favorable cases vomiting

ceases with the lirst i)ori()d of the disease; in those of a graver character, after an
interval, perhaps, of 24 liours or more, during which there is more or less gastric
distress, or a feeling of weight and discomfort, vomiting again occurs, either of a
clear acid fluid or of one of the varieties of black vomit. At first the black material
may be in the form of little flocculi suspended in a transparent fluid, " colTee-ground
vomit," and as the case progr(!Hses the amount of this material increases, until the
whole lluid appears to be uniformly black. Upon allowing it to stand, however, it

commonly .scqiarates into two portions, and it will be seen that it still consists of a clear
liquid with the black matter in suspension. Uiion microscopic exniniuation it will
bo found that the colored material is made up of little masses which are not black,
but, have a yellowish-brown color. A careful examina tion of recent sjiecimens shows
that these little masses contain decolorized and more or less deformed red blood cor-
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puscles aud graiuilar leucocytes, ami that tbo brown matter is diffused ul>oiit these
aKglomorated colliUar elements ami Mio matrix of mucus iu which they oCteu seem
to be iucluded. There is no doubt that the black vouiit is duo to passive hemorrhage
from the gastric mucous membrane, although this has been disputed by some recent
authors— Frei re, Canuoua, Gibier. Formerly it was maintained by some that the
black matter was a secretion i'roni the stouuich, and by others that it was "vitiated
black bile." I have myself repeatedly verified the fact by microscopic examiuation
that it contains the cellular elements of the blood. In certain cases there is vomit-
ing of pure blood, resulting from more active gastric hemorrhage. This black
vouiit is not always discharged during life, but it is extremely rare not to find it in

the stomach after death.

The fact that the gastric mucous membrane is seriously involved iu this disease is

shown not alone by the vomiting, the passive hemorrhage, and the post-mortem
ajjpearances, but also by the constant feeling of discomfort or pain in severe cases,

and by a marked tenderness upon pressure over the epigastrium.

Hemorrhage may occur not only from the mucous membraue of the stomach and
intestine, but also from that of tho mouth, nose, bladder, and uterus, and even from
the eyes or ears. In some epidemics epistaxis is quite common; it may occur during
the lirst period of the disease, but is more frequent during the second, at which time

the general tendency to hemorrhage is developed. Next to epistaxis, hemorrhage
from the buccal mucous membrane, and especially from the tongue, the gums, aud
the lips, is the most frequent.

In mild cases of yellow fever, convalescence is quickly established. lustead of

the nsnal depression which marks the second stage of the disease, the patient, after

a fever of 3 to 5 days' duration, may enter almost immediately into convalescence,

and within a week may be ready to resume his usual avocations. But in severe cases,

convalescence is often slow and may be iutorrnpted by various complicaiions—paroti-

tis, buboes, furuncles, abscesses, nepatitis, diarrhea. In the army, experience shows

that but few of those attacked are able to resume their duties in less than 10 days,

aud a considerable number remain in hospital from 30 to 50 days. Blair found the

average number of days during which iiatieuts were retained in hospital after con-

valescence was established to be 6.5.5 for mild cases, aud 7.91 for grave cases.

lielapses occur for the most part during the early period of convalescence, or before

it is fairly established
;
they are generally regarded as even more dangerous than the

lirst attack. Occasioually a relapse, or second attack, occurs as late as from 2 to 4

weeks after the termiuatiou of the febrile period of the iirst attack.

PROGNOSIS.

The prognosis in yellow fever should always be guarded, for not only is it a very

fatal disease in its severer forms, but cases which appear mild at the outset may

suddenly assume a grave character. It is more favorable in the caSe of women and

children than with men, and is especially unfavorable in those of intemperate habits,

and in plethoric persons who have recently arrived in tho infected locality. The

principal guide in formiug a prognosis at the outset of a case is furuished by the

temperature observations. When the body heat does not go above lOa'^ to 103.p P.

during the first two days, a favorable result may be anticipated. Later, the amouut

and character of the urinary secretion is tho most important prognostic indication.

When this is scanty and heavily loaded with albumeu, the case is very grave, al-

though the general appearance of the patient may be favorable, and he may insist

that he is " all right" and wants something to eat. On the other hand, hopes of a

favorable issue may be entertained oven iu cases characterized by great prostration,

and iu which the hemorrhagic tendency is prouounced, if tho urinary secretion is

tolerably abundant and the quantity of albumeu small. Tho throwiu- up of black

vomit is by no means a fatal sign, but as a rule the passive hemorrhages which occur
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during the second stage of the disease are of grave import. Epistaxis occurring

during the first stage has beeu considered by some authors a favorable event (?).

The early appearance ofjaundice is an unfavorable sign ; as is also frequent vomit-

ing and groat distress and tenderness in the epigastric region. Intense and long

continued injection of the conjuncti vie, giving the eyes a fiery-red color, is unfavor-

able. Delirium, great restlessness and jactitation, and sighing resi)iration, are .all

symptoms which give reason for anxiety as to the result.

The prognostic indications .is furnished by temperature observations are shown in

the following tabic, made by the writer, some years since, from a series of cases in

which a com])lete and careful record had been made:

Caaes in which tho temperature was

—

No. of
casoa.

No. of
(Icatha.

Percentage
of death (o

cases.

13

9

30

80

87

29

15

13

9

22

24

G

0

0

100

100

iCl

30

*7

1060—107°

1050—106°

1040-105°

103°—104°

1020—103°

101°—102°

Total 209 74 27.5

*Nearlv.

MORTALITY.

The mortality from yellow fever v.aries greatly in diflferont epidemics and among
different classes of the community.
Among the natives of cities in which the disease is endemic, or in which it has fre-

quently prevailed as an epidemic, it may bo as low as from 7 to 10 per cent. One
reason for this comparatively small mortality is found in tho fact that a considerable
proportion of the cases in such a community are among children. Among nuaccli-
mated .adults the mortality ranges from 20 to 60 per cent., and uudcr certain circum-
stances even exceeds the latter figure. In the great Philadelphia epidemics of the
last and the beginning of the present century, the mortality was from 20 to 80 per
cent. In the French Antilles, according to Dutrouleau, the mortality durin^ tho
years 1851 to 1H57, inclusive, ranged from 12.9 per cent, to 50 per cent. Blair "ivoa
the mortality at the Seaman's Hospital at Georgetown (Demerara) in 1838 as 19 5 ner
cent. '

At Vera Cruz the mortality for 7 years (1875-1881) according to Dr. Molin.a's
statistics, was 41.78 percent, in the hospital for men, and 41 per cent, in the hospital
for women. In Rio Janeiro tho mortality for tho year 1870 wa.s 17-.4 per cent In
the eindemic of 1873 it was 23.3 per cent.
The morlality among the Spanish troops in Cuba, according to the statistics of

Dr. Hastarrecbe, w.as, in the year 185.5, 24.31 per cent., .and in the royal navy 17 8per cent. j

Dr. Remiss gives the mortality rate for the city of New Orleans, during the great

a ;tir:i:ch w;r
^'^^^-^^^^ aceordlugto age, has constructeda t.ihle winch Ave have used on a preceding p.ago (p. .52)

The clay of death is given by Bereuger-Forau.l as follows, in a total of 1,0.59 casesoccunng in the French Antilles :
'

Died on the second d.ay, U~U. per cent. ; third d.ay, .5G-5.3 per cent. ; fourth day,
P- sixth day, 177-1,>:9 per cent,seventh day, 151-14.3 per cent.; eighth day, 89-8.5 per cent.; ninth day, 42-3 9
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per cent.; tenth day, :]r,-:U per cout.; eleveutb day. 28-2.(5 per cent.; twelfth day
34-3.2 per cent,; thirteonth day, 25-2.3 per cent.; lourteenth day, 21-1 9 per cent

'

fifteenth day, 8-0.7 per cent.; Bixteeuth day, 7-0.6 per cent.; seventeenth day'
U-1.2 per cent.; ei-hteenth day, 6 ; nineteenth day, G; twentieth dav, 7 ;'twenty-
first day, 3; twenty-second day 2; twenty-third day, 5; tweuty-fonrth day 3-
twenty-fifth day, 3; twenty-sixth day, 5; tweuty-seventli'day, 1; twenty-ei-htli
day, 1; twenty-ninth day, 2: thirtieth day, 1 ;

thirty-first day,' 3; thirty-second
day, 1; thirty-third day, 1; thirty-sixth day, 1. This table shows that C7 percent,
of the whole numher died dnring the lirst week, and 82 per cent, during the first 10
days. In a similar table constructed by Dr. 13. A. Clements, of the United States
Army, out of a total of 111 fatal cases, death occurred, during the first week in 73 per
cent.; during the first 10 days in 82 per cent.

DIAGNOSIS.

Notwithstanding the well-marked features of a typical case of yellow fever, it very
often happens that the early cases in an epidemic are not recognized, and even in
fatal cases, with the assistance of an autopsy, physicians not previously familiar with
the disease often differ as to the diagnosis. At the outset of an attack, indeed, there
is nothing sufficiently characteristic in the symptoms to enable .even an expert to

decide definitely that the case is yellow fever, although there are certain indications

which may give him a strong suspicion that it i.s. The flushed face, fiery red eyes,

pointed tongue, supraorbital pain, rachialgia, etc. When such a case occurs during

the epidemic prevalence of yellow fever, or in a stranger at one of its endemic foci, the

inference usually is that the individual has yellow fever; hut this inference is some-

times a nnstake, and more than one stranger is sent to the yellow fever hospital (Jura-

juba), of Rio Janeiro, who turns out to have some other febrile complaint, sometimes

one of the eruptive fevers. A case in one of our own seaport cities, with precisely the

same symptoms, occurring at a time when yellow fever was not prevailing, would

almost infallibly he pronounced "malarial fever," or "bilious fever," or "remittent,

fever," as soon as it was evident that it was not one of the specific eruptive fevers.

And this diagnosis would very probably he maintaiued if no evidence could he found

that the individual had been exposed to yellow fever, even if the further clinical his-

tory of the case corresponded with that of this disease. It is in this way that a series

of cases, occnrring perhaps in the practice of several different physicians, at the out-

set of an epidemic are frequently called by some other name. The fact that the early

cases in an epidemic are sometimes of a mild character adds to the liability to error.

A man has a chill followed by fever, and receives in the next 48 hours several full

doses of qniniue; at the end of this time his fever has disappeared, and with the

exception of a certain amount of debility, aud perhaps an irritable stomach, he feels

qnite well. The inference is that he had an attack of malarial fever which was cnt

short by the treatment
;
perhaps it was so, but the inference is the same in either

case. I have seen cases in the hospitals of Vera Cruz, for example, in which there

was a slight amount of albumen in the urine, aud in which the depression and slow

pulse following a single febrile paroxism of brief duration seemed to me to be char-

acteristic of a'lnild attack of yellow fever, but in which the diagnosis was malarial

fever, and the brief duration of the attack waa ascribed to the full doses of quinine

which had been administered. I have seen precisely similar cases during the preva-

lence of an epidemic of yellow fever, in which no quinine was given, and in which, not-

withstanding, the febrile paroxysm was of brief duration and did not return. For

example, the case represented by tracing No. 1 in the chart. This case by itself could

not have been diagnosed as yellow fever, but occurring as it did with several others of

the same mild character, side by side with severe and fatal cases of this disease, I did

not doubt that it was due to tlie same specific cause, aud was in fact a case of yellow

fever.
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The ocoiUTonco, iu a sontboni seaport, of ii groni. of casoa of cpbomenil fever, m a

parficalar looalitv, especially among the colorod populatiou, should always arouse

suspicion and lead to investigation. When in such a city, or iu any place witliui

the limit* of yellow-fever iuvasiou, and during the summer months, we hear that a

•'mali.niant form of malarial fever" has appeared iu a certain limited area, a single

liou80,°or square, or district, we shall not bo apt to go wrong in the inference that tho

disease is yellow fever. Malignant forms of malarial fever belong to the country

rather than to tho city, and cases do not occur in groups within city limits, where

the malarial poisou is not generated in its most inteuse form, if at all. Formerly,

very much nncertaiuty as to diagnosis arose from luistaltcu ideas as to the etiology

of tho disease. A cousiderable number of physicians in the United States maintained

that yellow fever and the malarial fevers are closely allied if not identical diseases,

due to the same general causes, and tho idea was very prevalent that, under the in-

Uuouce of meteorological conditions, a mild form of malarial fever might be trans-

formed into the malignant yellow fever. Under this idea, physicians felt justified,

in calling the mild cases in an epidemic malarial fever, and in reserving the name

yellow fever for those iu which a yellow skin, highly albuminous urine, aud black

vomit make up the clinical tableau to which they gave the name yellow fever. Of these

three prominent features, only one is a constant character which can serve in establish-

ing the diagnosis in mild cases. This is the presence of alhuvien]n tho urine. At some

period of tho disease, even in the mildest cases, there will be a distinct trace of albu-

men in tho urine, as shown by tho usual tests, and this wilt*'gonerally be sufficiently

abundant to leave no doubt in the mind of the observer as to the nature of the pre-

cipitate. Iu 61 cases occuriing during an epidemic in Jamaica, Dounet found albu-

men present for the first time: In 2 cases on the first day; in 11 cases on the second

day; in 19 cases on tho third day; in 14 cases on the fourth day ; in C cases on the

fifth day ; in 4 cases on the sixth day ; in 4 cases on the seventh day ; iu 1 case ou
the eighth day. It will be seen that in by far the larger number of cases the pres-

ence of albumen was verified on the second, third, or fourth day. The value of this

test in the differential diagnosis of yellow fever is indisputable. It is true that a
trace of albumen is sometimes found in the urine of severe cases of fevers of malarial
origin, but in cases of yellow fever of equal severity, as compared with these, the
precipitate would, as a rule, be very abundant on the third or fourth day of sickness,

forming a deposit to the extent of one-fourth to ouo-half the contents of the test tube,
or even more. At the same time, a microscopical exaniination would show the pres-
ence of numerous granular casts from the tubuli uriniferi.

"

These are found also, although in a smaller number, in the urine of the milder cases
during the second stage of the disease. For diagnostic purposes the character of
the febrile paroxysm, aud especially the phenomena following this, which mark the
second stage of the disease, are the most important. The characteristics of tho
temperature curve are sufficiently shown by tho charts of typical cases in page 67,
It must be remembered, however, that while the stage of depression is commonly
marked by a normal, or oven subnormal, temperature, in a considerable number of
severe and fatal cases the temperature still remains a degree or two above the
normal when the cool skin and slow, soft pulso would indicate, if the thermometer
were not used, that there was complete apyrexia ; or again, the skin remains dry,
and the patient falls iuto a typhoid condition, with a Ouctuating temperature'
without having had a complete remission of febrile heat. The second stage of the
disease is, however, commonly well marked in nonfatal cases, and is its most cha-
racteristic feature; the remarkably slow and soft pulse, the evident prostration of
tho vital powers, althougli the patient may bo comfortable and even cheerful and
desirous of getting up, or of taking food

; the yellow tinge of tho conjunctiva. a,nd
skm-not always present; the tenderness ou pressure iu the epigasfric rcrion and
often a leeling of weight aud distress in this region, attended with intense thirst
and vomiting of a transparent acid fiuid, or of the characteristic bl.ick vomit • the
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toruloncy to passive lic.norrliage Iron, the muco.is Burfacos of the mouth or uoso-
oozing ot dark blood from the gums, or lips, or sides of the red and fissured ton-ue-
the scanty urinary secretion and the presence of albumen, usually in considenible
amount; all ot these symptoms constitute an eiiaemlle that for the practiced eye and
hand is unmistakable.

The diherentlal diagnosis from bilious remittent fever, with which yellow fever has
frequently been confounded, is not always possible at the outset of an attack, but
the contrast in the complete clinical history of the two diseases is sufficiently strik-
ing. Remittent fever, as the name indicates, is characterized by periodicjil remis-
sions of the febrile heat; this is, however, in severe cases often not well marked so
far as exact thermometric observations are concerned, and is rather a remission,
usually occurring in the morning, of the general symptoms—headache, vomiting'
heat of surface, rapidity of pulse—than a decided lowering of the body heat, as 8ho\ni
by the thermometer placed in the axilla. But, as a rule, an attack of remittent fever
is made up of a series of paroxysms, each of which may bo inaugurated by a more or
less distinct chill; while yellow fever is essentially a disease of a single paroxysm,
in which, as shown by our charts, the acme of temperature is reached early in the at-
tack, and the remission is characterized by a descending line extending often through
a period of three or four days. In remittent fever, on the contrary, the fall attending
the remission is an abrupt one. The tongue in remittent fever is usually heavily
covered with a yellowish or brownish coating, it is broad, and often marked upon the
margins by indentations made by the teeth, showing that it is swollen. In yellow
fever the tongue is usually narrow and pointed, often tremulous; at the outset of an
attack it may be comparatively clean, or it is covered with a thin white, or heavy
cottony coating—occasionally yellowish. The yellow color of the skin in bilious iq-

mittont fever does not differ from that of simple jaundice, and is very persistent

when developed; it is, however, far from being a constar.t symptom. The same is

true of the jaundice which is occasionally developed during convalescence from yel-

low fever. But, besides this, there is a more or less pronounced yellow tinge of the

conjunctivte and skin in yellow fever, which appears during the latter part of the

first, or early in the second, stage, and which in convalescence quickly disappears,

lu fatal cases this yellow color is more pronounced, and may assume a dingy brov. n

or mahogany color ; the dependent portions of the body after death have a livid,

mottled appearance, and the discoloration resembles that following a bruise which

has produced an effusion of blood. In the malarial fevers the spleen is more or leas

swollen and tender, while in yellow fever it is not involved. In yellow fever the

intellectual faculties are commonly unimpaired, at least during the febrile stage, and

often up to the moment of the fatal termination; on the contrary, delirium is quite

common in severe attacks of bilious remittent fever. In yellow fever vomiting of

bilious matter is rare, and only occurs, if at all, at the outset of the attack; while

later, the vomited matter consists of the fluids ingested, or of a transparent acid fluid

containing flocculi of mucus, or of one of the varieties of black vomit; in remittent

fever the vomited matters are nearly always coljred with bile—indeed, bilious vom-

iting is commonly a marked feature of the disease. In remittent fever, according to

La Roche, the quantity of uric acid in the urine is notably increased, being in some

cases eight times as great as in health ; in yellow fever it is diminished—the amount

of urea is diminished in both diseases. Suppression of urine is extremely rare in

bilious remittent fever, and extremely common in fatal casts of yellow fever; the

uniform presence of albumen in the latter disease has already been noted. Finally,

the marked hemorrhagic tendency in yellow fever distinguishes this disease from

bilious remittent fever.

There is a form of malarial fever, however, the so-called "hemorrhagic mnliirial

fever," which is characterized by the periodical appearance of blood pigment in the

urine, with sometimes a tendency to hemorrhage from mucous surfaces. This is the

fievre biUcune melaunriqnc of the French authors. The clinical history of this disease
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diffors entirely from thab of yellow fever. The distinguishing characters are given

by Borengor-Feraud as follows

:

"ProI.M.jied residence in a malarial country is the most powerful, and, indeed, m-

disiuMisablo predisposing cause.
, . , ^ •

i

-The disease is always preceded by numerous attacks of malar.al fever, simple at

first, then n.ore and more complicated, and taking in general more and more of a

bilious iispoct, producing a very decided anjumia. ....
"Icterus appears at the outset of the attack, and is never wanting

;
it gives from

the commencement and throughout the attack a uniform yellow color to the patient,

varyiu"- from greenish-yellow to a decided yellow ocher.

"The march is intermittent or remittent from the first, and the pulse, urine, and

vomiting follow very exactly the variations of temperature.

" The°vomiting is biliou.s, of a decided green color; it is a constant symptom at the

outset of an attack, and is arrested with the termination of one attack to reappear

with the next.

"After the first, or febrile, period the vomiting continues, but preserves the same

characters; it stains linen a bright green, and when collected in a basin it appears

transparent, and is of a beautiful emer.ald-green or olive color.

"The tongue is moist, broad, covered at first with a heavy white fur, which soon

receives a greenish tint from the vomited matters. The tongue is not red, either

upon its tip or edges; it remains broad, heavily coated, and moist to the end of the

malady.

"Tiic urine is black from the commencement, and its color is characteristic, so that

the patient himself is struck with it. It is usually abundant and frequently passed,

and ouly has the melanuric aspect during the attack."

In malarial hiematuria, as seen in this country, the urine varies in color, according

to the amount of blood pigment present, from a light red to a deep claret, or porter

color. It is usually acid, and always albuminous. The presence of red-blood cor-

puscles has frequently been demonstrated by microscopical examination, and tube

casts, made up of granular matter and red corpuscles, are often present in the urine.

In the gravest form of the disease the patient falls into a typhoid condition, and at

this time epistaxis is likely to occur, or there may be, in rare cases, hemorrhage

from the stomach or bowels.

The differential diagnosis between yellow fever and dengue will depend mainly

upon the fatal character of the tlrst menfioned disease, the presence of albnmen in

the urine, and the hemorrhagic tendency, as contrasted with the absence of these

features nnd the skin eruptions and arthritic pains in the other. Dengue, like mild

yellow Tever, often terminates, after a febrile stage of 48 hours' duration, in com-
plete apyrexia, and the patients are able to resume their ordinary occupations,

although feeling stiff and sore when making any movement ; more frec^ueutly there

is a return of the fever attended by a rubeoloid eruption, which ends in desquama-
tion, and is accompanied with a return of the arthritic and muscular pains. This
stage may last but :3 or 4 days, or may be of much longer duration, but in any case

the disease is not attended with danger to life.

The hilioua hjplioid of Griesinger presents some points of resemblance with yellow
fever, but, the clinical and pathological features are sufliciently distinct to make it

improbable that errors in diagnosis will occur when due care is taken.

Quite recently. Dr. Diamantopulos, of Smyrna, has given an account of a disease
under the name of typhus icieroides, which is said to bo distinct from the bilious ty-
phoid of the German authors, and which prevails upon the coast of the mainland,
and upon the islands of the yEgean Sea. This name has frequently been applied to

yellow fever, which the disease described resembles in lujiuy particulars, altliougli

no doubt distinct from it. It jirevails in the summor and autumn. The attack
begins with a chill, followed by fever, intense headache, iiain in back and limbs,
jactitation, etc. The eyes are described as injected, glistening, and humid; the
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epigiistrinm is tender on pressure, the liver and spleen are more or less enlarged
Tliere is a ronussion of the fever on the tliird or fonrtli day, and the second
stage is ina.igniiited by a general iniprovenieufc in the appearance and fcelin-.s
ol tlie patient; later (fifth or sixth day), icterns is developed; this is intense, givin-r
to the whole surface a golden or orange-yellow color. Epistaxis is freqnwit in this
stage, and hemorrhage from the bowels, bloody nriiio, and petcchiic in c(!rtaiii cases,
show that the disease has a hemorrhagic temlency. It is said to ])ievail endemic-
ally, or as an epidemic, and to bo miasmatic ami not contagions. Perhaps this is

the same disease as was epidemic on the island of Manriti.is in I8.')7, an account of
which has been given by Pelleraii in the Arckivca dc Mvdccine navalc (tome 3G, 1881).
This author, after stating that up to the year 1867, the opinion was generally enter-
tained that malarial fevers did not exist in Mauritius, goes ou to say that in 18G7
"the effects were terrible and so uuusual that the epidemic was ascribed to importa-
tion." One of the reporters quoted by Pelleran gives the clinical features as follows :

"The patient fell suddenly ill when in perfect health, often after a full meal. The
skin became hot, the face red, the eyes injected, the pulse mounted to 90 or 100

;

the skiu became yellow, the tongue dry and glossy, perspiration abundant, accom-
panied by a cold breath, and exceedingly feeble pulse; afterward followed intense
prostration, with intolerable pain in the back, loins, and region of the liver. The
poor patient after 20 to hours died in a state of collapse similar to that of cholern.

Another character of the fever was its tendency to relapse, to occur at all seasons of

the year, in dry, elevated localities as well as in those which wore low and damp, and
to be accompanied by hemorrhages.

It is evident that these fevers, if they prevailed in the same areas as yellow fever,

might give rise to confusion in the diagnosis ; aud also, that our knowledge of the

pathology of tropical fevers is far from being complete.

Many of the physicians practicing in the French Antilles recognize a fever called

by them fievre inflammatoire as distinct from yellow fever. Berenger-Feraud has

shown, however, that it is in fact identical with this disease, aud only rexiresents one

of its grades of severity.

TREATMENT.

The unsatisfiictory results olitained in the various methods of treatment propos<;d

are shown by the fact th.at a majority of the physicians in those parts of the world

where yellow fever prevails, who have had an extended experience, agree that active

medication is injurious, aud have settled ujion an expectant or symptomatic treat-

ment, with careful nursing, as giving the most favorable results. Yet the records of

the past show that a certain proportion of the cases recover under all modes of treat-

ment, even the most active and opposed to our present views. The famous Dr. Rush,

of Philadelphia, was thoroughly convinced of the advantages of copious bleeding dur-

ing the first stage of the disease, and ascribed the more favorable results obtained in

the epidemic of 1793 as compared with those of 1741, 1747 and 17U2 to the more liberal

nse of the lancet. Venesection was often repeated from five to ten times by Rush and

'other practitioners of this date, and the amount of blood extracted often exceeded

100 ounces—150 aud even 200 in some cases. This excessive bleeding was soon

abandoned, but the propriety of drawing blood at the outset of the attack was main-

tained by many practitioners in the United States and the West Indies for many years

after the " heroic " treatment of Rush had been abandoned, aud the statistics olVored

in favor of this practice certainly compare favorably with the results obtained at the

present day by expectant treatment. Thus Dr. Catel, who was in charge of a mili-

tary hospital at Martinique, reports that, out of ITG patients treated during the first

24 hours by bleeding, 5 only died—a mortality of 1 in 35 ; of 108 treated on the second

day, 11 died, or 1 in 9; and of 143 treated on the third nay, 40 died, or 1 in 3. Dr.

Lefort, a physician of the same place, also reports that 4 out of 5 of those blqd on
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11,0 first clay recovered, and asserts that on the second day blood-letting affords six

times less cliauce of success (La Roche).

Thetncet has been entirely abandoned, in accordance with the changed v.ews as

to the pathology of febrile affections, bnt it n.ay be quest.oncd whelher u. the pleth-

oric n w-con.ei" in tropical regions, who furnish so large a c^uota to he n.ortah y

list fron, yelh.w lever, a single bleeding at the ontset of the attack nnght not still be

in-ac'iced with benclit. x j. +

Emelics wore formerly considered an essential part of the antiphlogistic treatment.

Wo sneak of them only to condemn tlieni, except in tliose cases in which at tlie out-

set of an attack there is evidence that the stouiach contains undigested and ferment-

in- material which is the cause of nausea and distress. In this case a simple emetic

may be administered, with the sole object of unloading the stomach.

rimjativcs have at all times been considered useful at the outset of an attack of

vellow fever, and it is the standard treatment, wherever the disease prevails, to ad-

niinister a cathartic of some kind as soon as the patient conies under observation.

Opinions ditfer as to the best form of cathartic medicine; some prefer a mercurial,

some a saline, and others a full dose of oleum ricini. On account of its prompt and

thorough action and the absence of irritating properties, the lastmcntioiied medicine

isafavorite in ourown Southern cities, in the West ludies and in Brazil,especially in do-

mestic practice among the Creole population. The dose usually given might seem

excessive to those who have not seen its favorable action
;
half a tumbler full, or

even more, is the coiumon dose for an adult—2 to 4 fluid ounces. Many physicians

still prefer a mercurial purge, followed, if necessary, by a saline cathartic, and calo-

mel is the mercurial usually selected. This was formerly given by some practition-

ers in enormous doses—40 to GO grains—for its "sedative" effect, and by others

in repeated small doses as a salivant." Dr. Rush introduced the use of mercury as

a salivant in the treatment of yellow fever in the epidemic of 1793, and " encouraged

by the good effects observed on that occasion from a salivation, he was induced the

next year to excite it as early as possible in all those cases which did not yield

immediately to bleeding and purging. He was delighted to find that it immediately

attracted and concentrated iu the mouth all the scattered pains of every part of the

body, checked nausea and vomiting, and gradually, when it was copious, reduced

the pulse, thereby preventing the necessity of further bleeding and purging." He
used mercury still more extensively in 1797; and during the memorable epidemic of

1798 a salivation was found by him to be the most certain remedy of any that was

used in this fever, for he "did .not lose a single patient in whom the mercury acted

upon the salivary glands" (La Roche). It is scarcely necessary to remark that this

treatment has been entirely abandoned, and vvhcu calomel is given to-day it is usu-

ally for its cathartic effect, or for its supposed action upon the liver. It may be, how-
ever, that it is useful in another way. As we have indicated in discussing the etiology

of the disease, it seems extremely probable that it is caused by a microbe whose habitat

is in the alimentary canal. If this is in fact the case, the indications are apparent,

vi//, to keep primw via; as nearly empty as possible, so that the multiplication

of the specific microorganism may be restricted by want of pabulum; and also foi^.

the purpose of removing the microbe and its iioisonous products; second, the admin-
istration of germicide and antiseptic remedies, with a view to the destruction of the
germ, or at least of restricting its development. In carrying out both of those indi-

cations it will bo necessary to avoid any measures which would induce gastric or in-

testinal irritation
;

for, as we have seen, the gastro-intestinal mucous membrane is

in a hyperaiuiic condition early in the attack, and experience has demonstrated that
this condition is aggravated by active medication, or by the presence of food—even
the simplest—and that the gravest danger may result from the administration of any
thing which may add to the irritation of the stomach or intestine, the normal func-
tions of which seem to be arrested as a result of the action of tho toxic agent wliich
gives rise to th^ morbid phonomeua. For this reason it is necessary to administer
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catL.irtics with ^rreat caution, if thoy seotn called for alter the second day of the dis-
ease. As a rule, it will be best to spare the stomach, and to move the bowels bv rnir-
gaf i vc onemata.

Thei)rovailin- opinion that yellow fever is closely allied to the malarial fevers
led many physicians, during the first half of the present century, to prescribe
quinine in the expectation that it might prove a specific in this disease. This ex-
pectation was not fuKillod, but there are still a certain number of experieijced
physicians who think a full dose at the outset of an attack to bo beneficial ; others
consider it injurious, and as a rule it has been abandoned. There is, however, nnich
evidence in favor of the practice, although the benefits to be derived from it have
no doubt been overstated. Dr. Feuner, in his account of the epidemic of 1849,
states that the results obtained in the abortive method of treatment by qninine were
entirely successful. The dose given was from 20 to 30 grains, with a moderate
quantity of morphine or opium, after having nuloadod the bowels with a purgative
enema. Dr. Fonner says :

" This would generally reduce the vascular and nervous
excitement completely in the course of a few Lours, throw the patient into a profuse
perspiration, relievo all pain, and produce sleep." This is certainly a very desirable
result, and while to-day it is generally admitted that quinine has no specific action
in yellow fever, and that after the first day or two it is liable to do harm by irritating

the stomach, the writer is disposed to think that, as an antipyretic and nervons
sedative at the outset of the attack, it may often be administered with advantage.
This was the conviction of some of onr most experienced army surgeons who en-

countered the disease at Vera Cruz during the Mexican war, and subsequently in

New Orleans.

Dr. Anderson, of IMobile, who, with his associate in practice, treated a large num-
ber of cases during the epidemic of 1853, says: "The marked and almost magic
eiiect of a large dose of quinine at the outset was so apparent that thoy (himself

and associate) would have considered it little short of trilling with human life to

have adopted any other treatment. They will not deny that there were cases in

which it did no good ; in fact, in those cases Avhere there was at the commencement
decided congestion of the brain, it may sometimes have done harm."

Blair, whose experience was very extensive, and whose treatment seems to have

been unusually successful, gave 20 grains of calomel and 25 grains of quinine at the

outset of an attack, and under certain circumstances repeated the dose several times.

Dr. Porchei", of Charleston, follows Blair's treatment so far as the first dose is con-

cerned, but protests against a repetition of it. We think he is quite right in this, and

that his remarks upon treatment are extremely judicious. In some of the new anti-

pyretics and nervons sedatives we have agents which are probably superior to qui-

nine for reducing the temperature and relieving the nervous symptoms; favorable

reports have already been nuide with reference to some of these. In the epidemic of

last year (1887) at Key West, Drs. Porter and Schweringen used anUpyrin, as thoy

believe, to the advantage of their patients; it has also been prescribed quite exten-

sively in Havana, but I have seen no exact statements as to the results obtained.

Nageli, a German physician practicing in Rio Janeiro, has given a very favorable ac-

count of results obtained in the use of kairin. According to this author, of seven

cases treated from the beginning, five of which were severe (three had black vomit)>

all recovered. The course of the disease was not shortened, but the foyer is said to

have been controlled. The medicine was administered from the outset in doses of

1 gramme every hour, in capsules. This ti-eatraent is said to have quickly reduced

the temperature, after throe or four doses, to 38° (100.4° F.) or below; at the same

time abundant perspiration occurred and the pains were relieved. Doses of one-luilf

a gramme were given every hour after the temperature was reduced to the normal to

keep it from again mounting. Iced drinks were given, but no food
;
after the fourth or

fifth day it was sometimes necessary to increase the dose to 1.5 to '1 grammes in order

to control the return of fever. The urinary sccrotiou continued during the use of the
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remed

so

nedv ami Nageli thought that less albuu.en was present than iu similar cases not

treated. As the account of this method of treatment was published in 1«84, and

we have not heard that it has been adopted to any extent in Rio. the supposition is

that like many other metho.ls, it has not stood the test of fuller experience. In the

feeble condition of the heart in the second stage of yellow fever, we shouhl anticipate

that the lar.'e doses administered, as much as 14 grammes in the 24 hours, might be

dangerous; but as all of Dr. Nageli's patients are said to have recovered we can not

urge this objection.

Many of the French physicians administer hromide ofpotassium as a nervous sedative,

but we anticipate that antipyrin, or one of the more recent remedies of this class,

will be found the most useful in meeting this indication and for the reduction oftem-

perature; there is no reason to expect, however, that they will prove to be specif-

ics—they simply meet certain indications in the symptomatic treatment of the dis-

ease. Some of the physicians in Rio Janeiro have prescribed jnhorandi, and think

well of it, without, however, claiming that it has any specific power. When the skin

is hot and dry it may serve a useful purpose, but it will be necessary to guard

against the depressing effects of the remedy. Recently, Dr. Hebersmith, of the Marine

Hospital Service, has given the muriate of piloOfirpin in several cases, and he thinks

with good results. Doses of one-eighth to one-fourth grain were- given hypodernii-

cally, and produced profuse perspiration, with reduction of temperature. But as sev-

eral of his cases were colored per.fons, and the initial temperature was moderate in

all, we are not prepared to admit that recovery was due to the administration of this

medicine.

Aconite, (liyilalis, and veratrine have been tested in the West Indies and elsewhere,

in full sedative doses. Feraud says of these medicines that "the attempts, although

sufficiently numerous, have not yet furnished any decided results." After a careful

trial of digitalis in doses of 2 to 3 gtammes (30 co 45 minims) of the tincture per diem,

the author quoted arrives at the conclusion that in mild cases it seems to cause the

fever to fall more quickly, but in intense cases it had not the same power. His gen-

eral conclusion is, that aconite, digitalis, and veratrine are superior to quinine, and
that in moderate doses they are useful in allaying nervous excitement, and in moder-
ating to a slight extent the fever. The writer has been iu the habit of giving small
doses of acouite, in combination with a mild diaphoretic, during the febrile stage of
yellow fever, and has thought that some benefit was derived from the treatment,
although it must be confessed that this has not been very marked.
Dr. Beiniss, of New Orleans, writes of this class of medicines as follows:

"It is the practice of some physicians to attempt the reduction of fever by large
injections of cold water, which are said to prove very efficient antipyretics. Aconite,
veratrum, tartrate of antimony, and ipecac are frequently exhibited. A cautious use
of one or the other of the first two on this list may prove beneficial, but their inju-
dicious or careless exhibition may do irreparable harm. We have seen digitalis produce
unquesiionahlij good effect in mitifjatintj fever, and have often administered it in doses of
thirty to sixty drops of the tincture every third or fourth hour. It is best to give it in
solutions of acetate of ammonia or potash."

Dr. Porcher, of Charleston, gives the following mixture as a gentle diuretic and
diaphoretic.

Acetate of potash, 3i
Citrate of potash, 3 i

Morphine, gr. j

Camphor water, ^ vi

M. A dessert-spoonful to be given every two or three hours as long as there is heat
of skin. ^
Some formula of this kind, which has a gentle sedative and diaphoretic effect is

useful so long as it does not disturb the stomach. Many practitioners refrain from
giving any medicine at all, but permit the patients to swallow bits of ice, or small

4067 6
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quautities of ice cold wafer at frequent intervals. This wo quite approve of or iced
carbonio acid waler may be given. Others again give warm drink, to promote' perspi-
ration. This IS the Htandartl " creolo treatment" iu New Orleans, and in many parts
of the West Indies. As the mortality among this class is small, they are well satisfled
with the results obtained, but many strangers, nnacclimati/ed, who have received
the Creole treatment, die, in spite of the dose of castor oil, the hot pediluvia, and the
orange-leaf tea. Tiiis treatment, with careful nursing is, however, infinitely superior
to the active medication of the novice in the treatment of this treacherous disease,
for it is very easy to kill yellow fever patients.

Dr. Pardiuas, formerly director of the Military Hospital iu Havana, gave full doses
of the tr.ferri chloridi throughout the disease, and without claiming for it any specific
virtues, he was convinced that the mortality was less under its use than in other
methods of treatment with which he was familiar. The director of the Jura-juba
Hospital, at Rio Janeiro, gave me the following formula, which, after trying many
different modes of treatment, ho has adopted as being, in his opinion, the best:

Perchloride of iron (normal solution), grammes iv

Tincture of iodine, gramme i

Distilled water, grammes 400

M. A tablespoonful to be given every hour.

Some physicians iu the United States have also used the tincture of the chloride of
iron iu full doses, and have reported favorable results ; but it has not come into gen-
eral use, even in those places from which the favorable reports have come. In Sa-
vannah, during the epidemic of 1854, it was prescribed extensively by Drs. Wildman
and Harris. The last named physician reported that, out of two or three hundred
cases treated in this way, he only lost six. La Roche, iu commenting upon this re-

port, says: "Unfortunately the remedy, though so advantageous when administered

to the sufferers of Savannah, was powerless in the cases of those to whom it owed its

celebrity, for both Dr. Wildman and Dr. Harris fell victims to the prevailing epi-

demic."

Baths of all kinds—hot, cold, tepid, medicated—have been given in yellow fever,

and the evidence is varied as to their utility. The most judicious and experienced

practitioners are, however, in accord as to the danger of disturbing the patient to

the extent demanded by frequent baths, and, as a rule, content themselves with hot

IH'dilnria at the outset of the attack, and with sponging the surface with cold water

or evaporating lotions to reduce the temperature. Very hot or A^ery cold baths are

condemned by Feraud, on the ground that they are likely, even in the first stage of

the disease, to produce visceral congestions, to which there is a great tendency iu

this disease. In the southern part of our own country, and in the West Indies, a hoi

mustard foot-l)atli, administered at the outset of the attack, is a standard method of

treatment. The patient is wrapped in a blanket, and sits with his feet and legs im-

mersed in a bucket of water as hot as he can bear, to which a liberal quantity of

mustard has been added. This has a tendency to relieve cerebral congestion and

headache, and often produces a free porsijiration. It may be repeated several times

during the first 24 hours. Cold applications to the head and repeated sponging of

the hands, arms, and chest with cold water, give comfort to the patient, and arti ot

decided benefit on account of their antipyretic effect. Some practitioners recommend

the use of tepid water for sponging the surface; Feraud prefers a mixture of one

part of aromatic alcohol with three parts of water; Dr. Peyre Porcher recommends
" the assiduous and protracted applications of ice-cold water to the head, hands, and

arms, as long as they are abnormally hot." This practice is justified by the results

of his treatment, and we think it entirely safe and extremely useful. The knowledge

that exposure to cool currents of air, or by removing the bed-covers at night when

the weather has suddenly turned cold, is attended with the greatest danger, on ac-

count of the visceral congestions—especially of the kidneys—which result from such
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exposure, has led many physiciaus to refraiu from mak.ng uho of co d lotions to the

surface. The sa.nc apprehousion has also led to an excessive use of blaukefcs and the

poor patient, who is burnin- up with fever, is sonietin.es smothered in blankets and

carefully -uarded to prevent him from exposing baud or foot to the aiv.

Towards the end of the lirst stage, and throughout the second stage of the disease,

this watchfulness to prevent exposure of the body to cool currents ot air is very neces-

sary ;
indeed, it is important at all times if the external temperature is low, and

especially at night, but the object in view can be obtained without loading the pa-

tient with blankets. He should be lightly covered, but carefully guarded from expo-

sure if the weather is cool. At the same time the body may be spouged under the

blanket, and iced water applied to the head, face, hands, and arms, during the febrile

stage.

Beronger-Feraud speaks highly of the use of large enemata of cold water, frequently

repeated, as a means of reducing the temperature. Ho has made extensive use of

this mode of treatment, and has never seen any evil results from it.

The use of sincunsms and vesicants to relieve visceral congestion by revulsion to the

surface is api)roved by experienced physicians everywhere. Wa prefer sinapisms and

believe that, as a rule, they will accomplish all that can be expected from a blister.

The feeling of weight, distress, or absolute pain in the epigastric region, attended

with nausea, which is largely duo to the hyperiemia of the gastric mucous membrane is

often notably relieved by the application of a sinapism to the epigastrium. The patient,

who has been restless and uncomfortable, will sometimes quickly fall asleep after

such an application. In the same way, cerebral congestion and headache may be re-

lieved by revulsives to the extremities, and lumbar pain by the application of a large

sinapism to the loins.

The scanty urinary secretion, and often complete suppression, in yellow fever, seems
to call for the use of diuretics, but unfortunately experience teaches that the most
reliable medicines of this class do but little good. The kidneys are best relieved by
those means which promote perspiration, and by revulsants ajiplied to the loins.

Complete suppression is rarely, if ever, relieved by any plan of treatment. In cases
with a hot, dry skin, and scanty urinary secretion, with lumbar pain, indicating con-
gestion of the kidneys, we should expect benefit from the hypodermic administration
of the muriate of pilocarpine.

Siiniulants are rarely required before the fourth or fifth day, and must be given at
first cautiously and in small doses, so as not to disturb the stomach

;
later, however

they are often absolutely demanded to sustain the feeble heart. During the second
stage of the disease, when the pulsations of the heart often do not exceed forty or
fifty to the minute, there is always a tendency to syncope ; this is especially mani-
fested during the night or toward morning, and many a patient whoso condition
seemed satisfactory at the evening visit has been found by his physician dead the
next morning. This dangerous period may often be tided over by the use of stimu-
lants. When the stomach is very irritable, a little Iced champagne will often answer
better than anything else; but perhaps the best form of stimulant is good brandy
given in teaspoonful doses at intervals of half an hour, more or less, according to cir-
cumstances. It should be given ice cold. Later, milk punch, English ale, oi^porter
may be given in liberal quantities, especially to those who are in the habit of usin-r
spirits. *

Blair, whose opinion in all that relates to this disease is worthy of attention pre
fers hock to any other form of stimulant. He says : " Of all cordials the best is Rhen-
ish wme. When of good (luality it is retained when everything else is rejected and
It IS universally liked by the patients. I have seen the most excellent effects from
Its use, and have often given it to the extent of two bottles in twenty-four hours Ibelieve it has saved many lives, and know of no substitute for it "

Medicines administered by the stomach to control vomiting, as a rule, are worsethan u.seless. Minute doses of morphine, administered hypodormically, are sometimes
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useful ill chockin.-- -iistric irritability, but this m ii-diuigcroiiH roiuody iu yellow fover,
a.ud ouly very siuall do.ms arc toloratod. iJlair has soon stupor, prostration, and com-
plete narcotism follow the admiuistratiou of one-tenth of a grain. On account of 1 lie
danger attending its administration, he thinks that it will ho more judicious to place
it iu the index expimjatorim of yoUow fevor, IJoniiss, whoso opinion is of equal value,
saya: "Vomiting should bo met with epispastics, blisters, ioo, and small doses of
opium, in combination with cherry laurol water and sodas bicarb." An ofl^ort should
bo made to arrest hwmorrluujc by the use of ergot, the bi-uelicial effects of which are
sometimes well marked. As it is uot likely to bo absorbed by tlu) stomach, and may
cause vomiting, it will be best to administer ergotiue hypodermically.
During coni'a^escjKr the sulphate of (luinine, iu moderate doses, or citrate of iron

and (luiuiue, or the standard pro])aratiuiis of iron and of strychnine, will often bo
useful as tonics

;
and ale or porter or a sound wiuo iu moderate quantities, will be

found beneficial.

The alimvnlatiou iu this disease, as in the specific fevers generally, is a matter of
prime importance. During the first part ofthe febrile stage no food is desired, nor is it

required. It is best to give nothing in the way of food for the first three or four days of
sickness; after this, if thostomach toleratesit, anounce or twoof iced milkor ofchicken
broth may bo given every two or three hours. If the stomach is very irritable, a
smaller quantity at shorter iutervals may be given, and it will be best to give the
milk in combination with lime water. If the stomach, will not retain this, or if it

gives distress, do not push it further, but support the strength by nutritious eneniata.

Even when the stomach is quiet and the patient craves food, it will be necessary to

give only liquid nourishment for two or three days, and then to allow nothing but
the simiilest and most digestible forms of solid foods, for there is always danger of a
relapse from imijrndence in diet, even in the mildest cases.

Before closing this article the writer ventures to refer briefly to a method of treat-

ment which is still too recent to permit of a definite conclusion as to its value.

This was suggested by me during my recent visit to Havana, and is an attempt to

formulate a specific treatment in accordance with my present views of the etiology

and pathology of the disease. The intensely acid condition of the urine and of the

vomited matters, and the fact that I have usually found the contents of the intestiue

more or less acid, has led me to think that a very decidedly alkaline treatment might

be beneficial, and in view of the probability that the sjiecific infectious agent is lo-

cated in the alimentary canal, I have combined with the antacid selected au antisep-

tic agent which is known to restrict the develoiJdient of micro-organisms when pres-

ent in very minute quantity.

The formula suggested was as follows :

1^ Bicarbonate of soda, grammes x, (150 grains).

Bichloride of mercury, centigrammes ii (3 grain).

Pure water, litre j, (1 quart).

M. Sig. 50 grammes (3 tablospoonfuls) every hour ; to be given ice cold.

A letter recently received from my friend, Dr. D. M. Burgess, sanitary inspector

at Havana, gives the following account of the results up to the present date. Dr.

Burgess says

:

"Tou cases (six severe ones) have now been treated at Garciui by your alkaline

and bichloride method and all have recovered ; none subjected to that method have

died. Three were treated successfully at another hospital hero. Four are to-day re-

ceiving the treatment at Garciui, and about an equal number at each of two other

institutions."

This article in Wood's Hand-book of the Medical Sciences was

written soon after my return from Cuba, in 1888. Since that time I

have received much evidence in favor of the mode of treatment referred

to at its close.
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Tbo following Preliminary ^-otc upon a New Method of Treating

Yellow Fever was published iu the Therapeutic Gazette of August

15, ISSS:

In view of the recent aanouimeraent that yellow fever has reappeared in Florida,

and the possibility that it may soon prevail as an epidemic iu that State, the writer

has decided to report the favorable results recently attained in the treatment of the

disease iu Havana by a method proposed by him, although the number of cases is

still comparatively small.

My recent researches in Havana have led me to think it very probable that in yellow

fever, as iu cholera, the specific microorganism causing the disease is located in the

alimentary canal. Wliile this is not proved, it is dcuionstrated that, as a rule, no

microorganism capable of development iu the culture media usually employed by

bacteriologists is present in the blood or tissues of those recently dead from yellow

fever. This view naturally suggests intestinal antisepsis as a mode of treatment.

It is well known that in yellow fever the uriue and the vomited matters are highly

acid. I have also found the intestinal contents lo have usually a more or less decided

acid reaction. A microbe, therefore, capable of multiiilyiug in the stomach and in-

testine iu this disease, must be able to grow iu au acid medium. But aside from this

theoretical reason for prescribing alkalies, the highly acid condition of the secretions

furnishes an indication for such a treatment, and the writer has long desired an opiior-

tunity to see a thorough trial of a decidedly alkaline treatment.

These considerations induced me during my recent visit to Havana to propose the

following formula :

3; Sodii bicarb grammes x (gr. 1.50)

;

Hydrarg. chlorid. corrosiv centigrammes ii (-i^ir gr.)

Aqme jiuric litre i (I qt.)

M. Sig. 50 grammes (about If ounces) every hour ; to be given ice cold.

Tliis treatment was adopted by Dr. Raphael Weiss house physician at the Garcini
Hospital, and I Iiave just received from him a n-cord of twelve cases treated by the
director of the hospital. Dr. Francis Cabera, and himself.

The complete temperature charts sent to me by Dr. Weiss sustain the diagnosis
in all of these cases, and this is coufirmed by Dr. Daniel M. Burgess, United States
sanitary inspector. Marine Hospital Service at Havana, who writes me

:

"Havana, Juli/ 18, 1888.
"My Dear Dr. Sternberg: I send you by this mail Dr. Weiss's report of twelve

cases treated by the alkaline and bichloride method; Although they were all Span-
iards, and were not directly under my care, I had sufficient supervision of the cases
to satisfy me that they were all genuine yellow fever. It will be seen that they all
recovered, and I will add that every case so far treated at the Garcini by that method
has recovered. While these twelve cases were being treated, "aud a little before
eight cases were treated iu the same institution by other methods, and live of the
eight died."

Dr. Weiss writes mo that in some of the more severe cases he increased the amount
of bichloride to 5 centigrammes (three-quarters of a grain) per litre. He says

:

"Administering to the sick the bichloride of mercury, according to your directions
the gastric phenomena are very much modified

; the gastric sediments appear later'
aud ni no case have they been entirely dark. In some cases, truly dangerous on ac-
count of the state of the patient in a general sense, gastric sediments" (black vomit)

ilul uot appear, nor even nausea. The pains iu tlie stomach were not so severe »
In some of the cases Dr. Weiss added l.onzoate of sodium to the formula for its

laxative effect, and administered daily two enemas containing each a gramme (15
grains) of the phenate of sodium.
Sherry wine and hypodermic injections of other were given duriug the second stage,
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when tho iiulse was feoblo jind the condition of tllo patient soemed to call for a st.

ulaut.

With rofovonco to tho urinary socrofcion, Dr. Woiss writes:
"Tlio uriuo has always boon abundant. In some cases tho density lowered, but

was compensated by a large quantity of urine. Albumen did not appear in some of
tho cases, in others tho amount was small, and in others it reached 2 grammes to
the litre. Tlie albumen has always disappeared on the second or third day and tlien
the fever ceased."

Although Dr. Weiss has sent mo the clinical records of only twelve cases, he says
in his letter

:

"I have dealt with thirteen sick from the beginning of tho disease and all have
recovered. » » » Before using this new treatment, during the present season, we
had eight cases which we treated from tho first day by the old method " (mainly
symptomatic) "and five of the number perished."

This mode of treatment will, of course, require a more extended trial before tho
results can be fairly compared with those obtained by other methods, I may remark,
however, that in similar casea treated by the "expectant" method the mortality
rarely falls below 20 per cent., and in hospital practice is often 50 per cent, or even
more.

Whether the favorable results are to be ascribed to the alkali, or to the antiseptic

action ot the bichloride, can only be determined by testing the two remedies sepa-

rately ; but I am very much disposed to ascribe tho unusual absence of gastric dis-

turbance and the abundant secretion of urine noted to the alkaline element of the

treatment, and it is extremely doubtful whether the bichloride reaches the intestine

in sufficient quantity to exercise any decided antisejitic effect in that portion of the

alimentary canal. The bicarbonate should be free from cai-bouate of sodium, as the

mercuric chloride is decomposed by this salt and by alkalies generally. It is possible

that the biniodide might be substituted to advantage in the formula above given.

In some experiments, made by the writer several years since to determine the com-

parative antiseptic value of the salts and oxides of mercury, the following results

were obtained

:

4

«

Biniodide of mercury

Bicliloride of mercury . .

.

Protiodlde of mercury . .

.

Yellow oxide of mercury

.

Black oxide of mercury.

.

Calomel. -•

BluemJiss

Active.

1 to 20, 000

1 to 15, 000

1 to 10, 000

1 to 1, 000

1 to 500

Failed.

1 to 40, 000

1 to 20,000

] to 20, 000

1 to 2, 000

1 to 1, 000

1 to 100

1 to 100

"In every ease tlio aiiti.septic was carefully weighed and added to 100 cubic centi-

metres of beef-peptone solution, or of veal broth. A similar quantity of the culture

fluid was put up as a iemoitt without tho addition of tho antiseptic. As the oxides

and iodides of mercury are insoluble in water, the bottle was repeatedly shaken in

order to dissolve in the albuminous culture fluid as much of the antiseptic as pos-

sible. An undissolved remnant could, however, be recognized at the bottom of the

bottle after this repeated shaking. Two drops of broken down beef stock were added

to each bottle to cause speedy putrefaction of tho culture-fluid in the absence of a

sufficiently potent inhibition of the developing power of the bacteria of putrefac-

tion. In every case in the comparative experiment the culture fluid became clouded,

and had a putrofactivo odor at tho end of 24 hours.

" The first column in our table shows the proportion in which the culture fluid was

preserved from any appearance of decomposition for at least a week, tho duration of
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tho oxporiraeat. In the proportiou givou iu the socoud columu a decided inhibiting

power was shown, except iji the case of calomel and bine mass, which, in tho pro-

portion given (1 to 100), gave no ovidcuco of antiseptic power. Tho other salts and

oxides iu the list prevented decomposition for 24 hours iu tho proportion given in the

second column, and it was not until the second day that tho bacteria of putiefac-

tron commenced to form a cloud at the upper surface of the fluid, which gradually

extended until the lluid had entirely broken down, usually by the third or fourth

day. The bottles containing the biniodido (I to 20,000) and the bichloride (1 to

15,000) have now been standing in the laboratory for 3 weeks, and are as transparent

and free from odor as the day tlioy were put up."*

The bichloride, the biuiodide, and the oxides of mercury exhibited a decided inhib-

itory (antiseptic) effect upon the development of the bacteria of putrefaction in the

proportion given in tho second column, and wo may use these Jigurcs as a guide in

our efforts to secure intestinal antisepsis by means of these agents, although it is

of course very uncertain how much of the soluble mercuric salt introduced into the

stomach reaches the intestine in an active form—probably very little. In the formula

which I gave to the physicians of the Garcini Hospital the amount of bichloride pre-

scribed is really only iu the proportion of 1 to 50,000 parts of the solution. But I

considered it advisable to commence the treatment with an amount that was entirely

safe, and to increase the dose afterwards, if it was found to be prudent and desirable

to do so. Dr. Weiss has, in fact, increased the dose in several severe cases to 5 centi-

grammes per litre— 1 to 20,000. As all of these cases recovered we may infer that

when largely diluted, as in this formula, and given in small quantities at short inter-

vals, it may be safely administered in these doses; but, as already intimated, lam
rather disposed to attribute the favorable course of the disease to the full alkaline

treatment than to anj' antiseptic elfect of the bichloride in the intestine. In the

stomach, however, I should expect a decided antiseptic effect from the medicine as

administered ; and perhaps this is, after all, what is most needed.

This preliminary note led to au extended trial of the proposed treat-

ment during the epidemics in Florida and Alabama, which occurred

soon after it was published. It was also tested Avith extremely favor-

able results during the recent severe epidemic in Eio Janeiro, and dur-

ing the summer of 1889 has again been put to a practical test in

Havana. The results, so far as reported to me, are given below. I
quote first from an article published in the Therapeutic Gazette ofMay
15, 1889

:

BICARBONATE OF SODIUM AND BICHLORIDE OF MERCURY IN THE
TREATMENT OF YELLOW FEVER.

By Geo. M. Stehnherg, Major and Surgeon, XT. S. Army.

In a "preliminary note," published in the Therapeutic Gazette of August 15, 1888,
the writer gave the results of a mode of treatment suggested by himself while in
Havana last year. The cases referred to in this note were treated at the Garcini
Hospital by Dr. Raphael Weiss, to whom I am indebted for clinical histories of
twelve successive cases treated without a single fatal result.
The object of tho present paper is to record the results of a more extended trial

of tho same treatment during the recent epidemics at Decatur, Ala., and at Jack-
souvillo. Fla.

Upon my arrival in Decatui-, in the early part of October last, I found that yellow

• From a report of tho committee on disiufeotauts of the American Public Health
As.sociation, 1885.



88 ETIOLOGY AND PREVENTION OP YELLOW FEVER.

fever of a most uialignaut type was prevailing, aud that the mortality had been
very great eveu under the most favorable conditions as to nursing and surrouudiugs
This is shown by the fact that out of ten ])bysicians practicing in the infected area^
nine had yellow fever aud five died. The oue who escaped, Dr. B. F. Cross, had suf-
fered an attack during a previous epidemic in the same place (1878). Soon' after my
arrival I called attention to the alkaline aud bichloride treatment, and, in view of
the very unsatisfactory results which had been obtained by other methods, the physi-
cians remaining on duty, two of whom were recent couvalesceuts, one after another
adopted the treatment. Since the termination of the epidemic they have kindly
given me a statement of the results obtained, and more or less complete clinical his-
tories of their cases.

The formula originally prescribed by mo as published in ray preliminary note in
the Therapeutic Gazette was adhered to. This is as follows:

R;. Sodii bicarb., grammes x (grs. 150).

Hydrarg. chloridi corrosiv., centigrammes ii (-pg gr.)

AquiB purro, litre i (1 quart). M.

Sig. : 50 grammes (about If ounces) every hour; to be given ice cold.

Eesulls of irealment in Decatur.

Treated by

—

Whites. Colored.

M. F. Died. M. F. Died.

13 7 2 2 2 0

0

0

5 3 1 1 2

Dr. E. M. Littlfijohn 3 0

1

9

5

7

Dr. W. C. Buckley 1 i 0

Total 22 10 4 17 15 0

I have excluded from the above tabular statement two cases treated by Dr. Cross,

in which the treatment was not commenced at the outset of the attack. One of

these, a white male, termiuated favorably; the other, a white female, resulted

fatally. Dr. Cross remarks, with reference to the last-mentioned case: " She was

taken sick on the 29fch of September and died November 10; was not put on the Stern-

berg treatment until the latter part of her illness."

The two fatal cases in the practice of Dr. Cross were: No. 1, Mr. J.; aged about

30; taken sick October 18; died October 23, after suppression of urine and black

vomit. No. 2, Mrs. D., a feeble woman of 58 or 60, who had recently lost her hus-

band from the same disease.

The fatal case in Dr. Conyugton's practice was : Captain K., "aged aboutSO years

;

a large, plethoric man, rather a heavy drinker ; had been in the habit of drinking

whisky for 30 years." This patient had suppression of urine on the fourth day of

sickness.

The fatal case treated by Dr. Buckley was: Mr. B., aged 33. "The patient had a

severe case of yellow fever, but was doing well, considering the severity of his case,

until the morning of the seventh day, when he was found niucTi worse. * * " It

was ascertained that the family gave him a hearty meal on the sixth day—the oue

previous to his becoming worse."

Through the kindness of Dr. Jerome Cochran, State health oflScer, I have received

the following official statement of tbe number of cases and deaths in the Decatur

epidemic :

Whites: Colored:

Cases 97 Cases 57

Deaths 30 Deaths 5
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This «ivos us a general mortality of 22.72 per ccut, aud a mortality among the

whites alone of 30.92 per cent.
. , , n

ReLnee to the a.Lc table will show that in a total of G4
---Z-'^*-

.^^
J«

alkaline and bichlori.lo n.othod the mortality was only 0.45 per cent., and that the

mortality among the whites, considered separately, was 12.5 per cent.

A just comparison, however, requires that we shall deduct the number treated by

the method un.ler iuvestigation from the total number of cases occurnug during the

epidemic. This leaves ns 65 whites with 26 deaths, and 25 colored with o deaths

treated by other methods ; and gives a mortality of 40 per cent, among the white

and 20 per cent, among the colored population ; who eas under the alkaline and,

bichloride treatment not a single death occurred out of 32 cases among the colored

population-many of the cases were bright mulattoes-and the mortality among the

whites was reduced to 12.5 per cent.

RESULTS OF TREATMENT IN JACKSONVILLE, FLA.

My "preliminary note" in the Therapeutic Gazette was brought to the attention

of some of the physicians in Jacksonville during the recent epidemic, and I am in-

formed that a number of them employed the treatment referred to, and that it

gave general satisfaction to those who adopted it. I have as yet only obtained a de-

tailed report from two physicians, but as these reports inclhde a considerable number

of cases treated in the Sand Hills Hospit.il by Dr. SoUace Mitchell, and in private

practice by Dr. A. J. Wakefield, they may be taken as fairly representing the gen-

eral results obtained by this method of treatment during the Jacksonville epidemic.

Dr. Mitchell writes me as follows

:

"Jacksonville, Fla., SciJtemher 9, 1889.

"G. M. Sternberg, M. D.,

" BaU'more, Md.

:

"My Dear Doctor : I send you to-day a list of all cases treated upon the bichloride

and alkaline treatment ; also those upon the triturated bichloride without the alkali.

I confess my surprise at the great difference in mortality. I knew that my results with

the alkali were far better than without it, but did not realize the great difference

until I made out these lists for you. Some of the ages have heen approximated, be-

cause the book containing the ages, receijtion, etc., of many has been lost or mislaid.

I treated in all 216 cases. I did not begin the use of the bichloride until I had treated

some 35 or 40 by other methods, and when the bichloride was begun only every

fourth patient was put upon it, then every other patient, and towards the last almost

all patients were put upon it (i. e.,the alkaline aud bichloride treatment. G. M. S.)

Ca.ses were chosen by rotation as they came in, different treatment being used in

diftereut wards. The bichloride and alkali gave the best results by all odds.

"Most sincerely, yours,

"SoLLACE Mitchell."

The lists transmitted by Dr. Mitchell give the name, age, color, sex, and result,

with a remark as to the severity of each case.

The list of those treated by the alkaline and bichloride method includes 106 cases,

with 5 deaths, a mortality of 4.7 per cent.

Seventy-nine of these cases and all of the deaths were whites, a mortality of 6.3 per
cent. Twenty-seven cases were colored, with no deaths.

Of the whites, 73 were males and 6 females. The deaths all occurred among the
white males, and the mortality among this class, considered separately, were 6.8 per
cent. This is certainly a very unusual result, and brings out in a very striking m.in-
ner tiie value of this mode of treatment. Yellow fever is well known to bo especially
fatal among adult males, and in hospital practice a mortality of less than 25 per cent,
among this class of cases is exceptional.

Themor&ility lists published in the newspapers during the Jacksonville epidemic
gave the impression that the epidemic was of an unusually mild character. But it
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tmist bo reiiioiuborod that these lists rohited to the pop'uhition generally, and included
a very largo proportion of the colored race, who roiiiaiucd in the infected city, while
a largo share of the white population loft it upon the outbreak 'of the epidemic.
Now, the mortality from this disease among negroes is always small, and is estimated
by Dr. Mitchell not to have been over 2 per cent, in the Jacksonville epidemic. Yet
the general mortality, as shown by the daily reports published in the newspapers,
was in the vicinity of 10 per cent. Dr. Mitchell estimates the mortality among the
white population, considered separately, as from 22 to 25 per cent., but has not yet
been able to give me the exact figures. This estimate includes both sexes and all

ages, and if adult males were considered separately it would no doubt be considerably

more than this. With two or three exceptions the 79 whites included in Dr. Mitch-

ell's list were adults; one only was a child of 8 years; 10 were between 15 and 20

years ; 25 from 20 to 30 ; 29 from 30 to 40 ; 11 from 40 to 50, and 3 from 50 to 60.

The cases are classified by Dr. Mitchell as to severity as follows: "Mild," 46;

"severe," 19; "very severe," 14. It must be remembered that the treatment was
commenced at the outset, and the mildness of the attack in those cases classified as

" mild" may have been due to some extent to the favorable influence of the medicine

administered. Indeed, the general result indicates thatsuch was the fact. It is well

known to those physicians who have had an extended experience in the treatment of

yellow fever that many cases which appear to be mild at the outset in the end ter-

minate fatally, and especially so in adult males,among whom the tendency to sup-

pression of urine seems greater than in the case of females and children.

One of the principal objects which I had in view in prescribing full doses of bicar-

bonate of sotlium at regular intervals was to neutralize the very acid condition of

the urine, in the hope thatit might be secreted more abundantly and with less injury

to the renal parenchyma. The results attained seem to indicate that such is the

case, and that the favorable action of the medicine is largely due to this fact.

Dr. Weiss, in transmitting the clinical notes of twelve successive cases treated in

the Garcini Hospital, in Havana, in 1888, without a death, says:

"The urine has always been abundant. In some cases the density was lowered,

but was compensated by a large quantity of urine. Albumen did not appear in some

of the cases, in others the amount was small, and in others it reached 2 grammes to

the litre. The albumen has always disappeared on the second or third day, and then

the fever ceased."

Dr. Conyngton, of Decatur, remarks

:

"One point of special note was that patients on this treatment in my hands never

had any symptoms of suppression of urine, but rather the quantity was increased;

while, on the other hand, in patients treated by the expectant plan, with diuretics,

the urine was scanty, and those that died (3 in number) died of suppression."

Dr. Sollace Mitchell, in a letter dated February 1, speaks of the "marked effect of

the treatment" in diminishing the albumen and preventing in a great measure sup-

pression of urine.
, j i

Dr A J. Wakefield, of Jacksonville, has given me a list of 89 cases treated by

himself during the recent epidemic in that city. Of these cases 75 were white and

14 colored Five deaths occurred among the whites-a mortality of 6.6 per cent.

Thirty-nine of the white cases were males and 36 females ; 41 of the cases are classed

as severe and 48 as mild. One of the fatal cases is said to have been a consumptive

;

1 to have been convalescent and to have died from imprudence; in another the re-

mark is made " bad nursing and imprudence"; another, "unfavorable surroundings.

RESULTS OF TKBATMKNT AT I!IO DK JANEIRO.

My friend Dr. Cleary, an American physician practicingat Rio de Janeiro, in .a letter

dated December 13, 1888, gives me an account of 4 cases treated -
^^^^^^^^^

made a good recovery and 1 died. The fatal case assumed a severe form f^iom the out-

sel, and was attended with hemorrhage from the vagina. Black vomit and«uppress.on



ETIOLOGY AND PREVENTION OF YELLOW FEVER. 91

of urino occurred on tbo fourth day. Dr. Cloary thinks that in this case no treatment

vli:; hrCli-any avail, and ,says, in conclusion :
'< Should any now cases present

themselves to mo I shall continue using your method, as I believe in it.

Tee the above was written I have received a letter from Dr. Gleary, m which he

"Ti;, ,11 I have treated 34 cases of yellow fever, all of them genuine, but as about

one-half did not present albun.en in the urine nor "black vomit' they m.ght be con-

tested yet they all began with su.lden chilliness, then excessive temperature, mostly

V th dry skin (temper.ature 39.9" to 40.5O), which lasted from 12 to 72 hours, abating

somewhat; tongue whitey-yellowish, skin yellow, great hypera^mia ot the thoracic

intecrument, some diminution of the urine, gastric uneasiness, and vomiting.

"lu my opinion and that of an experienced Brazilian physician they were un-

doubted cases of yellow fever. Of these 34 cases I lost only 1-that is the one I

wrote you ahout-and in every case I used your formula steadily throughout.

I have recently received a clipping from the Journal of Commerce of Riode Janeiro,

containiug a note from Dr. Rocha Faria, inspector of hygiene, in which the formula

prescribed by me is given and strongly recommended. Dr. Faria says

:

" Some physicians who during the present epidemic have followed this treatment

have obtained magnificent results.

"

The question arises as to whether the favorable results which have thus far attended

this mode of treatment are due to the alkaline element of the treatment, or to the

antiseptic element, or to the combined action of the two ingredients. ^

My priucipal object in suggesting the formula was to test a decidedly alkaline

treatment from the outset of the attack, with a view to relieving the gastric distress

and acid vomiting which is a prominent feature in cases treated by the expectant

method, aud also to render the highly acid urine neutral or slightly alkaline, in the

hope that the secretion would be more abundant and the tendency to suppression

diminished. The treatment appears to meet these important indications
;
and, with-

out in any sense being " specific," to save life by preventing those structural changes

which give rise to passive hemorrhage from the stomach and suppression of urine

—

two symptoms which present themselves iu a majority of the fatal cases.

Bichloride of mercury in a comparatively small amount was added to the formula,

not with the idea that it would to any extent destroy pathogenic microorganisms in

the intestine, but as an antiseptic, which might be useful in preventing fermentative

changes in the stomach, which would perhaps be favored by the free administration

of an alkali. The idea has also occurred to me that the specific germ may possibly

find a suitable nidus in the acid secretions of the stomach, aud in this case the admin-

istration of an antiseptic in combination with an alkali would be the most rational

treatment. Still, I have not given much weight to this idea.l| In my " preliminary

note" I say : "I am rather disposed to attribute the favorable course of the disease to

the full alkaline treatment than to any antiseptic effect of the bichloride iu the intes-

tine. In the stomach, however, I should expect a decided antiseptic effect from the

medicine as administered, and ijerhaps this is, after all, what is most needed." I

insist upon this point, because the treatment has frequently been referred to by those
who have used it as the " bichloride treatment." From my point of view it is essen-

tially an alkaline treatment, with the addition of a certain amount of the bichloride

of mercury as an adjuvant to meet certain indications, but which is not adminis-
tered with the expectation that, by virtue of its germicide power, it may prove a
specific in this disease.

Bichloride of mercury has, however, during the past year been administered iu
considerably larger doses than I have proscribed in the above formula, with the ex-
press purpose of destroying patliogouic niicroiirgaiii.sms in the intestiue. This treat-
ment was propo.sed by Dr. Paul Gibier during his stay in Havana last year, and has
been fairly tested by Dr. Vincent do la Guardia in his wards iu the charity hospital
of that city.



92 ETIOLOGY AND PREVENTION OP YELLOW FEVER.

it/h^^M H
' ' ' '"'''''rr

-^y. as in cholera, havo
ta Kibit.i ui 10 alunoMtary canal, has l.oon Ibrcod npon tin, writer by l.i.s failure tonul ,t in the blood and tissues of those sulicriug iro.n the disease. ]Jr. Gibier ha«
been^lo.l to a snnilar inferenee, and has even clain.e.l the discovery of a bacilluswhich, as we think upon iusufflciont evidence, he supposes to be the specific infec-
tious ageut in question. The treatment proposed by him is based upon this ideaand consists in the free ad.ninistratiou of purgatives for the purpose of clearin- the
pathogenic microbes out of the intestiac, and of bichloride of mercury in large doses
for Its germicide elTeet. So far as the purgation is concerned, experienced nhysicians
111 the yellow-lever zone generally agree that it is important to clear out the bowels
with a brisk purge at the outset of the attack; but it is also established by cxpe-
neuco that active medication of this kind after the first and second day of an attack
IS likely to do more harui than good, and, in fact, is a dangerous procedure.

I quote from the paper of Dr. de la Guardia, published in the Cronica Medico-
Quirurgica, of Havana, as follows:

" We have been constant in giving the patients the series of purges recommended

;

the first day a saline cathartic, 45 grammes of sulphate of sodium ; the second day^
45 grammes of castor oil iu emulsion, with an equal quantity of sirup

; and, finally,
on the third day, I gramme of calomel, to which we added 1 gramme of jalap'to make
it more active, given iu two doses at an interval of one hour. The saline purge was
frequently rejected by vomiting, and this also happened sometimes with the castor
oil

;
not so with the calomel, wliich is generally tolerated. During the period of large

evacuations we invariably made use of the mercurial medication
;
using a draft

composed of 5 centigrammes of bichloride of mercury, 30 grammes of brandy, and 120
grammes of sweetened water. Some patients rejected this by vomiting immediately
after takiug it. The patients were made to take this until the seventh, or, in some
cases, the eighth day; at tliis time the favorable or unfavorable result was decided.
During his illness the patient was given a large quantity of liquid iu the form of
chlorhydric lemonade (2 to 1,000) iced. This was well retained by the stomach. Milk
was the only food allowed, generally iced. In some of the most severe cases the
purgatives were again commenced. Certain symptoms wore treated by special

measures, in accordance with general principles. Vomiting, for example, was treated

by the application of a blister to the epigastrium, and the patient was allowed to

swallow small pieces of ice, Rivier's draft, etc. Hemorrhage was treated with
ergot, and adynamia by tonics. The bichloride of mercury has rarely given rise to

stomatitis, and when tliis has happened it has been mild in character, and has been

rapidly cured with simple emollient washes or with chlorate of potassium.
" Thirty-seveu cases were submitted to the mercurial treatment, all of them typical

cases of yellow fever, iu St. Margaret's ward of the civil hospital. Of these, 22 recov-

ered and 15 died. This gives a mortality of 40 per cent., which is about the average

mortality from this disease in Havana; a little more or less, but rather more.

"It will be seen that the result of our scrupulous investigation up to the present

time has been, if not disadvantageous, at least without any advantage to the patients

treated."

In a letter from Dr. Sollace Mitchell, from which I have already quoted, he says:

"Dr.' Gibier claims to have suggested the use of bichloride internally some weeks

prior to yourself. He says that he suggested one-tenth grain every hour. Hut as I

experimented with doses from one-twentieth to one-sixtieth, and found that in 6

cases when one-twentieth was used severe cramps and diarrhea followed in from G to

18 hours, I doubt very much if a patient could bear one-tenth grain with advantage

to himself."

Dr. Mitchell has given me a list of 40 cases treated by the bichloride alone ;
."^2 of

these were whites and 8 colored; 9 of the whites died, a mortality of 28 per cent.;

whereas the mortality among the same class of patients treated by the alkaline and

bichloride method was only 6.3 per cent.
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Dr. Mitchell has given the following suunuary statement of the results obtained

bv the two nietliods of treatment:
r i fi »

'.'Oae hundred and six eases, bichloride and alicalino treatn.ent w, h 5 deaths and

1 recovery from black vomit; 40 cases bichloride treatment, with 9 deaths and o re-

coveries from black vomit."

In Dr Mitchell's letter to mo I read the sentence last quoted, "and 25 recoveries

IVom black vomit," and it was so published. This large proportion of cases with

bl-ick vomit led me to infer that the bichloride as administered had a tendency to

produce passive hemorrhages from the stomach. But Dr. Mitchell has since informed

ine that this sentence should read "and 5 recoveries from black vomit. My re-

marks on this point have therefore no foundation.

I have but a single series of cases to report in which the bicarbonate of sodium

Avas administered alone. These cases were treated at the " Quinta La Purissm.-i Con-

cepciou" by Dr. Diiran. The formula used was : Bicarbonate of sodium, 6 grammes;

sweetened water, '250 grammes. Of this mixtures 2 tablespoonsful were adminislered

every 2 hours, or about 9 grammes (135 grammes) of the bicarbonate of sodium in the

24 hours. I have no information as to the character of the cases or as to how long

the treatment was continued. It ofteu happens in the private hospitals of Havana

that the patients, when brought to the hospital, have already been sick for several

days, and the mortality is greatly influenced by this fact. In all, 30 cases are re-

ported as having been treated by this solution, with 8 deaths, a mortality of 2G.G per

cent. At the same time 11 cases were treated by the " antiseptic method," with 6

deaths, a mortality of 54.5 per cent. The antiseptic administered was biniodide of

mercury 2 centigrammes, in 250 centigrammes of sweetened water—two tablespoons-

ful every 2 hours.

It will be noted that the amount of bicarbonate of sodium in the formula used at

the Qninta la Purissima Concepcion was less than in my original prescription. I am

disposed to think that it would have been better to increase the dose. This was

done by Dr. Sollace Mitchell in the Sand Hills Hospital at Jacksonville, and his

results fully justify his jadgmeut in this regard. In making my formula at lirst, in

the absence of any clinical experience in this disease with the special remedies I

proposed to use, I felt that it would be wise to keep within the bounds of perfect

safety, but Dr. Mitchel has shown that the doses of bicarbonate of sodium may be

considerably increased not only with safety, but with excellent results. He says,

" The formula that I finally adopted was

:

Sodii bicarb., grs. x to Ix;

Hyd. chlor. corros., gr. 1-30;

Aquaj i)ura5, ,3 iv. M.

"Give, ice cold, every hour during the day and every 2 hours at night."

This, taking the minimum amount, 10 grains, would make 3 drams of bicar-

bonate of sodium and six-tenths of a grain of bichloride of mercury in the 24 hours.

I prefer to prescribe a sufficient quantity for the 24 hours and to give the medicines

more largely diluted. I noticed at Decatur that the i)atieuts not only took the

mixture as originally prescribed by me without objection, but that they looked

forward to the time when the medicine was to be administered, as they found the

ice-cold drink refreshing. And as vomiting has not, in my observation, been induced,

but on the other hand, gastric irritability has been allayed, I can see no objection to

giving the hourly dose ill 1^ to 2 tliiid ounces of water. Indeed, I think that the
taking of a considerable amount of iluid, if it is promptly absorbed by the stomach, is

rather beneficial than otherwise. My original prescription contained an amount of

water, 1 litre, which in my judgment the patient might be permitted to drink in

divided doses in the course of the 24 hours. Under certain circumstances, of course,

this might be increased by gi ving small draughts of cold water or bits of ice in the in-

tervals between the adminislratioii of the medicine. But excess in this direction will

often induce vomiting, and I have desired to avail myself of the advantage of a
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formula whicli contains a proper amount of water, to be udministered at short inter-
vals, instead of leaving the administration of this fluid to the judgment of the nnrse
or the desires of the patient. In this way, also, the whole treatment becomes ex-
tremely simple and is easily carried out, no small advantage for the busy practitioner
during the prevalence of an epidemic.
In view of these considerations and of the experience of Dr. Sollaco Mitchell with

increased doses of the two ingredients contained in my original formula, I would
suggest for further trial the following:

li Sodii bicarb., grammes xvi (3 iv).

Hyd. chlor. corros., centigrammes iii (gr. i).
Aquio Purae, litre 1 (1 quart). M.

Sig: 50 grammes (about If ounces) every hour; to be given ice cold.

Naturally the amount given should vary according to the age of the patient, and
perhaps, also, with reference to the severity of the case. Thus a mild case might
have two tablespoonfuls every hour during the day and erery two hours at night,
while a case, which at the outset appeared to be of a grave character, might take 2
fluid ounces of the mixture every hour day and night. Experience may show that the
dose of bicarbonate of sodium may be still further increased in severe cases with benefit
to the patient, but I doubt, in view of the evidence above recorded, whether there would
be any advantage in increasing the dose of mercuric chloride. It would be a mistake
to attempt to substitute a potassium salt for the bicarbonate of sodium in the above
formula. The mercuric chloride, which remains in solution in presence of sodium
bicarbonate in the proportions prescribed, would be precipitated by potassium car-

bonate. Moreover, the potassium salts are directly contraindicated in a disease in

which there is a great tendency to suppression of urine, and uriemic jjoisoning. The
experiments of Zelz and Kitter, and of Bouchard, show that in urasmia the toxic

symptoms are largely due to the retention of potassium salts rather than to urea.

Bouchard especially, as a result of his extended experiments, insists uiion " the great

importance of limiting potassium salts, both in food and medicine, in the treatment of

urajmia."

I may add that a rather extended trial of carbonate of potassium in full doses,

made by one of the physicians of Decatnr during the recent epidemic, was attended

with a high rate of mortality, and that the physician referred to himself fell a victim

to the disease, although his case at the outset appeared to be rather a mild one.

How far the treatment influenced the result it is, of course, impossible to determine,

but suppression of urine and black vomit occurred on the fourth day, and death

quickly followed.

Havah^na, A2)ril 6, 1889.

During the past summer (1889), Dr. D. M. Burgess, United States

^sanitary inspector at Havana, lias treated all of his yellow-fever cases

'with the alkaline and bichloride method. He reports as follows in a

letter dated Havana, December 29, 1889:

I have to report that I have had this season up to date 25 private cases of yellow

fever; they were all given " Sternberg's treatment,'' and while many of them were

severe cases, all recovered.

The results of the trial of this treatment, made in the Charity Hospital

at Havana by Dr. Vincente de la Guardia and Dr. Emilio Martinez

during the past summer, are given in a paper by the last-named

gentleman, published in the "Eevista de Ciencias Medicas," of Sep-

tember 5, 1889. This report is especially valuable because Dr. La

Guardia has had an extended experience in the same hospital with

similar cases occurring during preceding years, and because he had
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made in the summer of 1888 a careful test of the method of treatmeut

proposed by Dr. Paul Gibier, which consisted iu the administration of

purgatives, and of full doses of mercuric chloride. His report, which

was unfavorable to this mode of treatment, is referred to iu my last

paper in the Therapeutic Gazette, quoted above.

Dr. Martinez says in the paper referred to :

Associated with Dr. D. Vincente de la Guardia, pbysiciau to the Mercedes Hospital,

ami authorized hy the director of this iustitution, it was resolved to submit thealka-

liuo aud mercurial treatment of Dr. Stemherg, which had given such excellent re-

sults in the recent epidemic at Decatur, in the United States, to an extensive trial.,##*»» *

The plau followed, in general terms was as follows : Upon the admission of the

patient a purgative was ordered, if he had not passed the third day, in which case

we prescribed a purgative enema. From the lirst we commenced to administer the

following formula:

F}. Bicarbonate of soda, 16 grammes.

Bichloride of mercury, 2 centigrammes.

Water, 1 litre.

Forty-five grammes to be given ice cold every hour, day and night.

For the first 5 or 6 days no food was given. When defervescence commenced we
substituted for the potion water containing bicarbonate of soda, 4 parts to 1,000

as an ordinary drinh (1 to 2 litres).

Nausea and vomiting was combatted with ice.

We present below the clinical notes so that an exact judgment may be formed as to

the value of this method of treatment. It must bo remembered that the statistics of

hospitals give an excessive mortality not only on account of the gravity of the cases

receiyed, but also because of the advanced period of sicliness at the time of admission.

We group our cases in three classes: light cases, those which entered upon conva-

lescence at the termination of the first period; common cases, those which passed to

the second period ; and grave cases, those which present some symx)tom of gravity.

Clinical notes of 44 cases are given by the author of the paper; of
these, 11 are placed in the first category, light cases ; 14 in the second,
common cases, and 19 in the third, grave cases.

The results are summed up as follows:

Treated 44
Recovered ;j7

Died 7

Mortality 15.y percent.

The official statistics of jellow fever iu the Mercedes Hospital in previous years is
as follows:

To.ar. Treated. Recovered

.

Died. Mortality.

1882 187

178

132

40

28

75

72

121

103

77

IC

11

33

38

03

75

55

24

17

42

34

I'cr cent.

3:!. G

42.1

41.

G

00.0

60.7

50.0

47.2

1H83

1884

1885

1880

1887

18«8

712 402 310 43.5
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ThaultB to the courtesy of our coutrdres iu the hospital wo have beeu able to sub-

mit to treatment all the cases admitted, but we have excluded two—one which
entered on the seventh day with siipprossion of urine and black vomit, who resisted

all treatment ; the other entered o hours before death and was not seen by us.

From the comparison uuide, it appears that the Sternberg treatment has diminished

the mortality to less than one-half the moan mortality of this hospital.

We have observed the following facts: The patients have ollered a notable gastric

tolerance during the medication; when treated from the first day vomiting has rarely

occurred.

The secretion of urine has always been considerable ; even in the grave cases, when
death occurred, they did not die anuric (La Guardia). Anuria only occurred iu an

evident manner in a single case (case 28).

From the eighth to the tenth day it is necessary to suspend the bicarbonate, to give

stimulants and to combat hemorrhages, adynamia, etc., by the usual means.



REPORT.

The investigations to which this report relates were made in the city

of Havana in the summers of 1888 and 1889; in the city of Decatur,

Ala., in the autumn of 1888, nnd in the laboratories of the Johns Hop-

kins University, where I have continued my researches during the in-

tervals between my visits to the infected localities, and since my return

from Hiivana, in September, 1889, up to the present date.

1 -MATERIAL.
My bacteriological studies have been made witli material obtained

from forty-three yellow fever cadavers; from " black vomit" and feces

of patients in various stages of the disease; and, for comparison, from

eighteen cadavers in which death occurred from some other disease

than yellow fever, and from feces of healthy individuals.

The. autopsies which have furnished me this material are as follows:

No. 1. Havana, May 12,1838.—Soldier iii Military Hospital; sick 8 days; black

vomit; albuminous urine
;
autopsy 3^ hours after death. Collected peri-

cardial fluid, blood from heart, hile from gall bladder, urine from bladdei",

aud material from liver, kiduey, stomach, aud intestine.

No. 2. Havana, May n ,lQditi.—Attendant in Military Hospital; aged 30; 4 months iu

Cuba; sick 3 days
;
autopsy 2 hours after death. Collected material from

liver, spleen, kidney, intestine, and stomach, blood from heart, urine from
bladder, and fluid from pericardium.

No. 3. flauana, Mai/ 19, 1888.— Soldier iu Military Hospital; sick 6 days; autopsy 7

hours after death. Collected material from liver, kidney, stomach, and in-

testine, blood from heart, urine from bladder, and pericardial fluid.

No. 4. i/rtuaHrt.JUa// 22, 1888.—Soldier in Military Hospital; sick .5 days. Collected
material from kidney, spleen, stomach, and intestine, blood from heart, and
urine from bladder.

No. 5. Havana, May 23, 1888.—Soldier iu Military Hospital ; sick G days; autopsy 4
hours after death. Collected material from liver, kidney, stomach, aud in-
testine, blood from heart, and urine from bladder.

No. G. Havana, May 23, 1888.—Soldier iu Military Hospital; autopsy 4 hours after
death. Collected nuilorial from liver, kidney, stomach, and intestine, blood
from heart, and urine from bladder.

No. 7. Havana, May 2G, 1888.— Soldier iu Military Ho.spital ; sick 4 days
;
autopsy 2^

hours after deatli. Collected material from liver, kidney, stomach, aud in-

testine, blood from heart, and urine from bladder.
No. 8. i/aua;tff, .1/(11/ 2(), 1.888.—Soldier in Military Hospital; sick G days; autop.sy 2

hours afttsr death. Collected material from liver, kidney, slomach, and in-

testine, blood from heart, aud urine from bladder.

40G7 7 97
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No. 9. llaraua, June 3, 18d8.—Soldier iu Military Hospital; sick 5 days; autopsy 5
Lours after death. Collected material from liver, kiduoy, stomach, and iu-
tostiue, hlood from heart, aud uriue from bladder.

No. 10. Uavana, Juncii, 1888.—Soldier iu Military Hospital; sick 5 days; autopsy 1

hour aud 40 minutes after death. Collectctl material from liver, kiducy,
stouuich, aud intcstiue, hlood from heart, aud uriue from bladder.

No. 11. Bccalur, Ala., Ootoher 3, 1888.—Male, aged 35 years; sick 3 days; autopsy 1

hour after death. Collected material from liver, kiduey, stomach, andiu-
testiuo.

No. 12. Decatur, Ala., October 1888.—Male, aged 35 years; autopsy IJ hours after
death. Collected uuiterial from liver, kiduey, stomach, and iutestiuo.

No. 13. Decatur, Ala., Octoher 8, 18^8.-Male, aged 40; sick 5 days; autopsy 2 hours
after death. Collected material from kiduey, liver, stomach, aud iutes-

tiuo.

No. 14. Havana, April 2'S, 18S9.—Soldier in Military Hospital; sick 5 days; autopsy
'J ho urs after death. Collected material from spleeu, liver, kiduoy, stom-
ach, aud intestiue, blood from heart, and uriue from bladder.

No. 15. llaraua, Ajiril 28, 1889.—Soldier iu Military Hospital; sick 10 days; autopsy
9 hours after death. Collected material from liver, kiduey, stomach, aud
iutestiue, blood from heart, aud uriue from bladder.

No. 16. Ilarana, May 5, 1889.—Soldier iu Military Hospital; sick 7 days; autopsy

13^ hours after death. Collected material from liver, kiduey, stomach, and
iutestiue.

No. 17. Havana, May 12, 1889.—Soldier iu Military Hospital ; sick 5 days; autopsy

5 liours after death. Collected material from liver, kiduey, stomach, aud
intestiue, blood from heart, aud uriue from bladder.

No. 18. Havana, May 13, 1889. —Patient in Civil Hospital
;
male, aged 28 years ; sick

5 days; autopsy 2 hours after death. Collected material from liver, kiduey,

stomach, aud iutestiue, aud blood from heart.

No. 19. Havana, May 22, 1889.—Soldier in Military Hospital ; sick 5 days
;
autopsy

6 hours after death. Collected material from liver, stomach, and intestiue,

aud blood from heart.

No. 20. Havana, May 26, 1889.—Patient in Civil Hospital; autopsy 9 hours after

death. Collected material from liver, stomach, aud iutestiue.

No. 21. Havana, May 21, 1889.—Soldier in Military Hospital ; sick 7 days; autopsy

10 hours after death. Collected material from liver and iutestiue.

No. 22. Havana, June 4, 1889.—Soldier in Military Hospital ; sick 5 days. Collected

material from liver, stomach, and iutestiue.

No. 23. Havana, Jtme 4, 1889.—Soldier iu Military Hospital; sick 8 days; autopsy

10 hours after death. Collected material from liver, stomach, aud iutes-

tiue.

No. 24. Havana, Jane 13, 1839.—Soldier in Military Hospital ; sick 5 days; autopsy

4| hours after death. Collected material from liver, kiduey, stomach, aud

intestiue.

No. 25. Havana, June 29, 1889.—Soldier in Military Hospital ; sick 9 days; autopsy

lOi hours after death. Collected material from liver, stomach, aud iutestiue.

No. 26. Havana, July 1, 1889.—Soldier iu Military Hospital ; sick 9 days, autopsy 5

hours after death. Doubtful case; the diagnosis is not supported by the patho-

logical appearances. Excluded.

No. 27. Havana July 3, 1889.—Patient in Civil Hospital; sick 7 days
;
autopsy 1 hour

aud 15 minutes after death. Collected material from liver, stomach, aud

iutestiue.

No. 28. Havana, July 15, 1889.—Soldier iu Military Hospital
;
autopsy 6 hours after

death. Collected material from liver, stomach, aud iutestiuo.

No. 29. Havana, July 29, 1889.—Soldier iu Military Hospital; sick 6 days; autopsy

5 hours after death. Collectod material from liver, stomach, aud iutestiue.
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XNO. 30. f/ai'<iiia, ^w(/its<y, 1889.—Soldier iu Military Hospital; sick 7 days; autopsy

7i hours after death. Collected material from liver, stomach, and intestine.

No. 31. Havana, Augnat 10, 1889.—Patient in Civil Hospital, male, aged 41; sick 6

days; autopsy 6 hours after death. Collected material from liver, stom-

ach, and intestine.

No. 32. Havanti, August 12, 1889.—Soldier in Military Hospital ; sick 5 days
;
autopsy

6 hours after death. Collected material from liver, stomach, and iutestiuo.

No. 33. fliifa/m, ^K(7its< 13, 1889.—Soldier in Military Hospital; sick 7 days; autopsy

7 hours after death. Collected material from liver, stomach, and intestine.

No. 34. JTrtfrtHa, --lH(7it8< 13, 1889.—Soldier in Military Hospital; sick 9 days; autopsy

3 hours after death. Collected material from liver.

No. 35. ^acaHfl, /in(7»si 15, 1889.—Soldier in Military Hospital ; sick 5 days; atitopsy

5 hours after death. Collected material from liver and intestine.

No. 36. Havana, August 19,1889.—Soldier in Military Hospital ; sick 6 days; autopsy

5 hours after death. Collected material from liver and iutestine.

No. 37. Havana, August 21, 1889.—Soldier in Military Hospital; sick 4 days; autopsy

6 hours after death. Collected material from liver and intestine.

No. 38. Havana, August 22, 1889.—Soldier in Military Hospital ; sick 5 days; autopsy

6^ hours after death. Collected material from liver and iutestine.

No. 39. Havana, August 24, 1889.—Patient in Civil Hospital ; male, aged 23 ; sick 10

days; autopsy 2 hours after death. Collected material from liver.

No. 40. Havana, August 2i, 1889.—Soldier in Military Hospital ; sick 4 days; autopsy
6 hours after death. Collected material from liver.

No. 41. Havana, August 26, 1889.—Patient in Civil Hospital; sick 7 days; autopsy
8 hours after death. Collected material from liver.

No. 42. £^auan«, ^(t£rHs< 26, 1889.—Patient in Civil Hospital
;
autopsy 4 hours after

death. Collected material from liver.

No. 43. Havana, August 26, 1889.—Soldier in Military Hospital ; sick 7 days
;
autopsy

6 hours after death. Collected material from liver.

COMPARATIVE AUTOPSIES.

No. 1. Havana, May 17, 1889.—Case of tuberculosis in Civil Hospital
; autopsy 2 hours

after death. Collected material from liver and kidney.
No. 2. Havana, Maij 19, 1889.—Case of tuberculosis in Civil Hospital; autopsy If

hours after death. Collected material from liver and kidney.
No. 3. Havana, May 22, 1889.-Case of heart disease iu Civil Hospital. Collected

material from liver.

No. 4. ff«m«a,i/«y 25, 1889.-Ca8e of abscess of liver iu Civil Hospital'; autopsy Uhours after death. Collected material from liver.
No. 5. Havana, May 25, 1889.-Insaue woman in civil hospital. Brain disease;

autopsy 5 hours after death. Collected material from liver
No. 6. Havana, May 30, 1889.-Case of tuberculosis in civil hospital; autopsy 6

hours after death. Collected material from liver
No. 7. Havana, June 2, 1889.-Ca86 of heart disease in civil hospital; autopsy 5

hours after death. Collected material from liver
No. 8. JiaUimore, October :iO, 18e9.-Case of tuberculosis in Johns Hopkins Hospital-

autopsy 8 hours after death. Collected material from liver
'

No. 9. Baltimore, Novella- 12, Ifi89.-Case of tuberculosis in Jolms Hopkins Hospital-
Hutopsy (4 hours after death. Collected material from liver

No. 10. Ballirnore, November 18, 1889.-Ca8e of osteo.uyelitis of tibia" with amyloid
liver and kidney. Collecte.l material from liver

No. 11. BaUimore, November 23, 1889.-Ca8e of tuberculosis iu Johns Hopkins Hospital-

No t. n
'^--«'^ftor death. Collected material from liver

' '

No. U. BalUmore, November 25. 1889.-Case of tuberculosis in Johns Hopkins Hospital-autopsy 8 hours after death. Collected material from liver
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No. 13. Baltimore, November ^0, 1889.—Death from chloroform; autopsy at once by Dr.
Keirle, of Baltimore. Collected material from liver.

No. 14. Baltimore, Novembtr'SO, 1889.—Case of heart disease iu Johns Hopkins Hospital,

Baltimore; autopsy 7 hours after death. Collected material from liver.

No. 15. Baltimore, January 2, 1890.—Peritonitis following laparotomy for ovarian
tumor. Case in Johns Hopkins Hospital. Collected material from liver.

No. IG. Baltimore, January 6, 1890.—Death in 10 minutes after tapping of abdominal
cavity. Case of iibro-cystic tumor of uterus in Johns Hopkins Hospital;

autopsy 4 hours after death. Collected material from liver.

No. 17. Baltimore, January 13, 1890.—Case of heart disease, Johns Hopkins Hospital;

autopsy 4 hours after death. Collected material from liver.

No. 18. Baltimore, January 14, 1890.—Pncumouia. Case in Johns Hopkins Hospital;

autopsy 24 hours after death. Collected material from liver.

MATERIAL COLLECTED FROM YELLOW-FEVER CASES DURING LIFE.

Havana, 'May 6, 1888.—Collected black vomit and melanotic discharge from bowels.

Case in military hospital, fifth day of disease.

Havana, May 5, 1883.—Cultures made from surface of body of cases in civil hospital

No. 1. Yellow fever convalescent.

No. 2. Case of rheumatism.

No. 3. Case of typhoid fever.

No. 4. Attendant in hospital.

No. 5. Case of yellow fever with black vomit, fifth day of sickness.

No. 6. Dr. Finlay.

Havana, May 29, 1888.—Collected vomit from yellow fever cases in military hospital

:

No. 1. Sick 3 days; vomit transparent; acid.

No. 2. Sick 2 days ; vomit transpareut ; acid.

No. 3. Sick 2 days ; vomit transparent ; acid.

Havana, June 4, 1868.—Collected vomit from patient iu Garcini Hospital; sick 3

days; vomit transparent; alkaline.

June 5.—Collected " coffee ground" vomit from same case; acid.

Havana, June 4, 1888.—Collected vomit from case iu Garcini Hospital
;
transparent

;

acid.

Havana, July 5, 1889.—Collected typical black vomit from case in civil hospital;

sick 7 days.

SPECIMENS OF FECES COLLECTED AND EXAMINED IN DECATUR, ALA. (1888), AND
IN HAVANA (1889).

Case 1. October 3.—Sick 48 hours; thin, yellow color; neutral reaction.

Case 2. October 6.—Sick 60 hours (fatal case) ;
thin, yellow color ;

neutral reaction.

Cases. October 6.—Sick 72 hours (fatal case) ;
mucus, without color; neutral reac-

tion.

Case 4. October 7.—Sick 12 hours (fatal case); reaction neutral.

Case 5. October 8.-Sick 36 hours ;
thin, pale yellow ;

neutral reaction.

Case 6. Ocio&6T 9.-Sick 48 hours ;
thin, pale yellow ;

neutral reaction.

Case 7. October 9.-Sick 4 hours ;
thin, pale yellow ;

slightly acid.

Cases. October lO.-Sick 24 hours (fatal case); thin, light yellow color; slightly

acid reaction.

Case 9. October lO.-Sick 24 hours ;
tliin, light-yellow color

;
neutral.

Case 10. October 14.-Sick 3 days (fatal case) ;
thin, palo yellow color; neutral.

Case 11. October 15.— Sick 12 hours.

Case 12. Oc<o/«r 15.-Sick 2 days (fatal case) ;
thin, pea-soup color ;

ueuLral.

Case 13. October 16.-Sick 3 days; thin, brown color; sbghtly acid.

Case 14. October 16.—Sick 2 days.
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Case 15. October 17.-Siok 36 hours (fatal case) ;
very tliin, bright yollovv color; neil-

tral.

Case October 18.-Sick 50 hours (fatal case)
;
thiu, clay-colored

;
slightly acid.

Case 17. October ly.-Sick 3 days (fatal case)
;
thin, dark-brown color.

Case 18. October 23.—Sick 48 hours
;
very thin, pale yellow ', neutral reaction.

Ca.se 19. October 23.— Sick 2 days ;
thiu, pale yellow color

;
neutral.

Case 20. October 25.—Sick 48 hours ;
thiu, brown color ; alkaline reaction.

Case 21. Oc<o&er 27.—Sick 3G hours (fatal case); thin, color of pea soup; neutral.

Sanio ciise ; third day ;
thin, light yellow ;

neutr.al.

Case 22. Octob'-r 23.—Sick 24 hours
;
thin, color of pea soup ;

nentral.

Case 23. October 30.—Sick 24 hours; very thiu, pale yellow
;
neutral,

Ca.se 24.—Sick 3 diiys.

Case 25.—Sick 24 hours.

Case 26.—Sick 5 days.

Case 27.—Sick 48 hours.

Case 28.—Sick 30 hours.

Case 29.—Sick 48 hours.

Case 30.—Sick 36 hours.

Case 31.—Sick 36 hours.

Case 32.—Sick 36 hours.

C:ise 33.—Sick 48 hours.

Case 34.—Sick 24 hours.

Case 35.—Sick 24 hours.

The material from cases 25 to 36, inclusive, was collected in Decatur

by my assistant, Dr. Littlejolin, and sent to me at Baltimore, where the

bacteriological examination was made.

At my request, Dr. Littlejohn also sent me feces from fifteen healthy

persons and convalescents, for comparison.

Case 37. Havana, July 1, 1889.—Collected feces from case in civil hospital; sick 7

days
;
very low, a milky looking fluid, with acid reaction.

Case 38. Havana, July 2, 1839.—Collected feces from case on board German brig ; sick

5 days; thin, light yellow, alkaline.

Case 39. Havana, July 4, 1889.—Collected feces from case in civil hospital; sick 5
days; thin, yellow color, alkaline.

Note.—The alkaline reaction of the feces in many of these cases
was no doubt due to the fact that they were on an alkaline treatment.



II-METHOD OF COLLECTING MATERIAL.
I am ill the habit of using as coUectiiigr tubes the ghass bulbs with a

long neck, described by me in a paper read before the Americau Asso-
ciation for the Advancement of Science in August 1881. TLe form
is shown in Fig. 1.

These are thoroughly sterilized and hermetically sealed
wheu made. I always carry a large supply of them " into
the field" with me, as they serve for various purposes, as
will hereafter be shown.
The modus operandi of collecting material at an autopsy,

as usually practiced by me, is as follows : I expose the
abdominal viscera by making an incision from tbe superior
spinous process of the illium on one aide, in a line parallel

witli the long axis of the body up to the margin of the ribs,

then across to a corresponding point on the opposite side

and down to the other superior spinous process. The large,

apron-like flap consisting of the entire anterior wall of the

abdominal cavity is thrown back, and gives free access to

the viscera contained in this cavity.

It is best to collect from the solid viscera first. The liver

is drawn down a little with a tenaculum or forceps and a

hot spatula is applied to a point upon its surface. This

insures the destruction of any microorganisms which may have fallen

uijon the surface, or which might be in the cavity of the abdomen be-

fore opening it. The spatula is held in position by an assistant until I

am ready to introduce the collecting tube. The long stem of this is

passed through the flame of an alcohol lamp to sterilize the exterior,

the bulb is heated to expand tlie contained air, and the sealed extremity

of the tube is then broken off with sterilized forceps. Tbe preliminary

heating of the bulb is to prevent a sudden in rush of air, by which

atmospheric organisms might occasionally gain access to the bulb. The

extremity of the stem is then passed into the organ at the point where

the hot spatula had been applied.

The air in the bulb being somewhat rarefied by the heat applied,

there is a suction force as it oools, and blood from the organ is drawn

into the tube.

In order to obtain at the same time crushed tissue, I move the tube

backwards and forwards so as to lacerate and crush the parenchyma

102
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of tbo organ witli its broken extremity. By this means I am able to

obtain from tlio liver, the spleen, or the kidney a considerable qnan-

tity of crushed parechyma mixed with blood without any possible con-

tamination by microcirganisms from without. As soon as the collection

is made the extremity of the tube is sealed in an alcohol lamp. Mate-

rial from the hollow viscera is obtained in the same way. The hot spat-

ula is applied to a convenient point on the walls, and the broken end

of the sterilized tube is forced through at this point. My collections of

urine through the walls of the bladder, of material from the stomach
and intestine, and of blood from the heart have all been made in this

way. I am in the habit of making a separate opening through the chest

walls over the heart, as I consider it a safer method than to reach the

heart by cutting through the diaphragm.

Pieces of tissue for future histological study are cut into small frag-

ments and at once placed in strong alcohol or in Mueller's fluid.



III-METHODS OF RESEARCH.

The following are the principal methods of research employed.

(rt) THE DIRECT EXAMINATION OF "SMEAR PREPARATIONS" FROM
THE ELOOD AND TISSUES FOR MICROORGANISMS.

I have made this examination in the entire series of cases In which
I have made autopsies. Usually I have stained these preparations

with an aqueous solution of fuchsin, or with Loeffier's solution of

methyline blue. I prefer the fuchsin solution because it stains very

promptly all of the bacteria with which I am acquainted ; and I feel

very confident that with my one-eighteenth inch hom. oil im. objective

of Zeiss, the Abbe condenser, and a fuchsin stained "smear prepara-

tion" from the blood, liver, or kidney, any microorganism of this class

which might be present should be easily seen.

(//) AliROBIC CULTURES IN FLESH-PEPTONE-GELATINE, IN AGAR-AGAR
JELLY, ETC.

In the whole series of cases I have introduced some of the material

collected as heretofore described into one or the other of these media,

and often in both. Immediately ui)on my return to the laboratory after

making an autopsy I am in the habit of putting up Esmarch roll-tubes

from the material collected, and these are kept under observation, at a

proper temperature, for several days at least. In tube No. 1 of a series

of three Esmarch roll-tubes I commonly introduce two or three drops

of blood, or of crushed liver tissue, etc., so that any microorganism

capable of growing in the culture medium employed would be revealed,

by the development of colonies, even if present in very small numbers.

In Cuba, during the months of March and April I kept an incubating

oven running at a temperature of 35° to 37° C, but later, during the

epidemic season, I took it for granted that artificial heat would not be

necessary to insure the development of the particular germ I was in

search of. Of course our usual medium for plate cultures—flesh-pep-

tone-gelatine containing 10 per cent, of gelatine—was not available in

Havana during the summer months without resorting to the use of a

refrigerator. I found, however, that when the medium contained 20

per cent, of gelatine it would stand a temperature of 28° C. (83.4° F.),

and I was able to use it without a refrigerator during the months of May

and June. Later a refrigerator was required even for the 20 per cent,

gelatine medium. This contained a chamber which I was able to main-

tain at a temperature of about 27° G.
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So far as I coiikl see, this 20 per cent, gelatine answered quite as well,

as a culture medium, as that made in accordance with Koch's standard

fornuila, which contains 1 0 per cent, of gelatine. Liquefying organisms

caused liquefaction as usual, and non-Ii(iuefying organisms formed

colonies in Esmaich roll-tubes, and grew freely in " stick cultures.''

But the advantages of au agar medium were apparent, and I accord-

inglj^ used this very extensively for my roll-tubes, and especially with

the addition of 5 per cent, of glycerine. Many of the microorganisms

which I encountered ami shall hereafter describe, grew luxuriantly in

this medium. I also made cultures in au agar or gelatine medium con-

taining 0.2 i)er cent, of hydrochloric acid. Quite a number of the bacilli

which I have isolated grew freely in this acid medium.
I have also tested the growth of the various organisms studied by

me upon potato; and for this purpose have used the cylindrical pieces

of potato, cut with a slanting surface and sterilized in an ordinary test

tube as first recommended by Meade Bolton.

Cultures have also been made in various other media, such as blood
serum, veal broth, and agua coco. The last meuiioued liquid I have
used extensively and find that for a large class of microorganisms it

constitutes a very favorable nutrient medium.

(c) ANAiiROBIC CULTURES.

I made no anaiirobic cultures in 1888, but the following year did so
in a considerable number of cases. In these I used for the most part
agar jelly with 5 per cent, of glycerine.

The blood or liver tissue from one of my collecting tubes was intro-
duced into the liquefied medium kept at a proper
temperature in a warm bath (40° C), and a cur-
rent of purified hydrogen allowed to pass through
it long enough to insure the exclusion of oxygen—
usually half an hour or more. My method is as
follows

:

Soft rubber corks having two perforations for
the passage of glass tubes are cut into sections;
these are placed for sometime in 1: 1000 solution
of mercuric chloride to sterilize them, and then, in
a wide-mouthed bottle, having a ground-glass stop-
per, in strong alcohol. When one of these is to be
used it is taken from the alcohol with sterilized
forceps and the alcohol is removed by burning.A long and a short glass tube are passed through
this.r.ibber stopper, and removing the cotton pin-
from a test tube in which the anaiirobic culture is
to be made it is placed as in Fig. 2 (a). The lono-

itt fiod n''"'^' T'^'""'^
^'""^^ '"'^^^ 1^'^^^" ''^'^'y tlie bottom ofthel.quefied agar. A space of half an inch or more is left above the rubber

Fio.2.
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stopper, and tliis 1 fill Avith melted sealing w'lix. I have found by ex-
perience that the rubber stopper alone can not be relied upon to retain
the hydrogen, no matter how accurately it fits the test tube. Kor have
1 had good success in the use of melted paraiTine. This has a tendency
to retract from the glass walls of the test tube, and in practice I find

that as a rule the hydrogen soon escapes from a tube closed in this way.
It will be seen that my rubber stopper serves chiefly to support the
glass tubes, and the melted sealing wax, upon which 1 depend for the
complete sealing up of the mouth of the test tube. The sections of

rubber stoppers are of various diameters, and it is easy to select one
which will fit the test tube employed.

The long glass tube is now connected with the hydrogen apparatus
and the test tube is left in the warm bath to keep the agar jelly from

becoming solid. At the end of half an hour the outlet tube h is sealed

in the flame of an alcohol lamp, and in the same way the inlet tube c
The liquefied agar is then spread upon the walls of the test tube in the

usual manner, by turning it upon a block of ice.

I have at times varied this procedure as follows: The liquefied agar

jelly, or flesh peptone-gelatine, to which blood or liver tissue, etc., has

been added, is first made into an Esraarch roll-tube; the cotton plug

(a), or a portion of it, is then jjushed

up into the tube and a rubber stopper

{b) carrying two short glass tubes is

put in position. The end of the test

tube is then filled with sealing wax as

before. Hydrogen is now passed into

the test tube by coupling one of the

short glass tubes with a hydrogen ap-

paratus. The test tube is sustained in

an inverted position, (seeFig. 3), so that

the action of gravity may come into

l)lay in displacing the oxygen. This

plan is more convenient than the pre-

ceding one, and the only objection to

it is the tact that a certain amount of

oxygen may be retained in the solidi-

fied agar jelly covering the walls of

the tube. But if the hydrogen is

passed for a considerable time it would certainly seem that the greater

part of the oxvgen must escape by diffusion from this thin layer.

Certainly any but the most strictly anaerobic organisms should grow

in a tube prepared in this way, if the medium is suitable for it.

I have varied the medium at times by mixing the agar jelly with flesh-

peptone-gelatin, or with blood serum. This is easily done when the

method last described isemployed, but not when the hydrogen is a lowed

to bubble through the liquified medium; for in this case the addition
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Fui. 4.

Of gelatin or of bloo.l serum causes the tube to be filled with bubbles,

so that it can not be made into an Bsmarch roll-tube.

To add blood serum to our agar or gelatin mediu.n, without con-

tamination which would call for subsequent sterilization, I use the

bulbs with a long neck already described as collecting tubes.

Blood from a sheep, or some other suitable animal is first drawn

from a large artery-femoral or carotid-into a sterilized Wolff's bottle,

(Fig. 4). The inlet tube h is introduced

directly into theartery and astheblood

flows the air escapes through the cot-

ton filter. When proper precautions

are taken the blood in the receiving

bottle will bo sterile, and after the

serum has separated it can be trans-

ferred to the bulbs referred to without

any danger of contamination, and con-

sequently without any necessity for

sterilization by heat. This is accom-

])lished by breaking off" the sealed end

of the tube a, which has previously

been notched with a file, and introduc-

ing into the clear blood serum tiie

sterilized stem of a collecting tube,

the bulb having been gently heated

in tlio flame of a lamp. The serum mounts inlo the bulb and when it

contains a sufficient quantity it is withdrawn and another introduced

in its place. Thus one after another is charged, and immediately the

extremity of the stem is sealed in the flame of a Bunsen burner or an

alcohol lamp. It is a great convenience to have a supply of sterile

blood serum always ready, and I keep a stock on hand preserved in this

way. Not only are culture liquids preserved in this way^ safe from con-

tamination but these tubes are convenient to transport, and the trans-

fer of the liquid medium to a test tube is easily and safely eff"ected.

Breaking off the end of the stem Avith sterilized forceps, and introduc-

ing it beside the cotton stopper of a sterilized test tube, the contents

of the bulb are forced out by applying gentle heat to the portion filled

with air.

I have a small alcohol lamp always at hand for this purpose. In this

way I am able to make mixtures of blood serum and agar jelly, or gel-

atin, and to make Esmarch roll-tubes containing the uncoagulated al-

bumen of the blood serum. This maybe a decided advantage under
certain circumstances, as our ordinary culture media contain but little

albumen after being sterilized at a high temperature.

{(1) EXAMINATION OV TISSUES JfEPT FOR FORTY-EIGHT HOURS TN AN
ANTISliPTIC WRAPPING.

In those diseases which have been proved to be due to the presence
of micruorgauisms in the blood or tissues, these microorganisms may
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bo aemonstrated by the methods lieretolbre referred to and by the ex-
ainiiiatiou of properly stained sections of the tissues involved.' But iu
one disease, at least—typhoid fever—cultures fioni the blood connuonly
give a negative result, and the bacilli which are present in scattered
groups, or colonies, in the spleen, the mesenteric glands, etc., are not
always easily found.

Fraenkel and Simmonds* have shown that in the spleen removed from
a person dying of this disease the typhoid bacillus multiplies after
death, and that numerous colonics may be found in portions of the
organ which have been left for 24 to 48 hours before being placed in
alcohol, when other pieces placed in alcohol soon after death show but
few colonies or none at all.

• I have followed this hint, and in most of my autopsies have kept a
piece of liver in an antiseptic wrapping for 48 hours, and have then
examined the interior of the piece for microorganisms by the usual
methods.

My method has been to take a piece of liver or kidney the size of a
man's fist, and to wash it iu a bath containing 1 part of bichloride of
mercury to 500 parts of water. I then envelope it in numerous folds

of thin tissue paper and again place it in the antiseptic bath, wetting
the tissue paper thoroughly ; after which successive wrappings of dry
tissue paper are applied, and the piece is placed in a clean jar and kept
in the laboratory for 48 hours.

(e) EXPERIMENTS UPON ANIMALS.

I have made numerous experiments upon rabbits, guinea-pigs, and
dogs, for the purpose of testing the pathogenic power of the various

microorganisms which I have obtained from j-ellow fever cadavers.

The results of these experiments will be detailed in the proper place.

The method of injecting microorganisms suspended in a liquid into the

subcutaneous tissues or abdominal cavity of one of the lower animals

which I have found most satisfactory and have practiced for several

years, is as follows

:

My bulbs with a long stem serve me as a syringe, and I find that

they have decided advantages over any form of hypodermic syringe.

The piston of the ordinary hypodermic syringe is hard to sterilize, and

there is always more or less danger that with this instrument we may

inject some other microorganism along with the one which we propose

to test. The recent death of a Vienna bacteriologist from the use of a

syringe upon himself which he had previously used to inject a culture

of the glanders bacillus into one of the lower animals is an unfortunate

illustration of this fact. Koch's syringe, which has a rubber ball by

which air is forced into the syringe, taking the place of a piston, is

much better. But I prefer to employ my improvised syringe, which is

still safer, so far as the accidental introduction of microorganisms is

* Dio iEtiologiscbo Uetloutung cles Typhus-bacillus, 188G.
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concerned. Tbis is used but a single time, as I find it
e-^^^^/^J^^^

new bulbs than to clean those which have been once nsed. It the cu -

tu elms been made in one of these bulbs, it is all ready to inject
;

if

not it hitroduced in thensual way, by gently
^-/-^^^f^f.f^^^^^^^^

a mrtial vacuum. To make the injection I first cut away the hair of the

scissors, and then with a pair of curved --ors cut away

a bit of iutegnment the size of a half-d.me or less ihe end of the

gla s stem is drawn out in the ilame of a lamp to make - -"table po t

fo the syringe, and this is forced into the subcntaneons tissues, or the

cavitv of the abdomen. The flame of a small alcohol lamp is now

cautionsly applied to the bulb, and the liquid is forced out by the ex-

pansion of the contained air.

(/) EXAMINATION OF TISSUES PRESERVED IN ALCOHOL.

As the liver is the organ which, m the disease under investigation,

shows the most constant pathological changes, I have preserved por-

tions of this organ in alcohol for future study at nearly all ofmy autop-

sies. I have also preserved in the same way portions of the kidney in

a considerable number of cases, and of the spleen, intestine, stomach,

and glands from the mesentery in a sufficient number of cases to enable

raeto-study these tissues with reference to pathological changes and

the presence of microorganisms.

My thin sections of the tissues have been made with the most ap-

proved modern microtomes, and have been stained secundem artem by

various methods. The staining reagent most extensively employed has

been the alkaline solution of methylene blue made according to Loef-

flei's formula. I have also stained many sections with cabol fuchsin so-

lution, with aniline-oil-fuchsin (tubercle stain), by Gram's method, by

Weigert's method, by the method of Kiihne, etc.

{(j)
PHOTOMICROGRAPHS OF MICROORGANISMS ENCOUNTERED.

I have made photomicrographs of the microorganisms encountered

in my researches, both for the purpose of illustrating my report and as

the best method of studying their morphology and comparing one with

another.

All bacteriologists now recognize that, as a rule, it is impossible to

identify the different species of bacteria by their morphological charac-

ters. There are a number of distinct species of micrococci, and of ba-

cilli, which resemble each other so closely in form and dimensions that

it is impossible for experts to decide from a microscopical examination

alone whether they are identical or not. This can only be determined

by other characters, such as growth in various culture media, patho-

genic power, etc. But, on the other hand, constant morphological dif-

fereii(;es enable us to differentiate microorganisms of this class, and
such differences are shown in well-made photomicrographs, which en-

able us to promptly recognize differences of form, of dimensions, and of
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arrangement. Measurements are also made with great ease when siicli

photomicrographs have been made with a standard amplification. In
those whicli I have made the amplification has usually been exactly
1,000 diameters. They have been made with the apochromatic objec-
tives and projection eyepieces of Zeiss, and the amplification has been
determined by projecting upon the screen the ruled lines upon a stage
micrometer nnide for me by Professor Rogers of Cambridge.
My photomicrographs have mostly been niade from fuchsin staiued

preparations, and have required the use of orthochromatic plates and
a yellow screen.

The screen which I have used is made by adding an alcoholic solu-

tion of tropolin to a strong solution of gelatine, boiling to remove the
alcohol, and then pouring the gelatine upon a glass plate, where it is

allowed to dry. By means of Canada balsam another glass plate is

cemented to the one having the stained gelatine coating to prevent
this from being scratched.

Some of my photomicrographs have been made by means of the

calcium light, but the grejiter number have been made by gaslight,

which has a decided advantage over any other artificial light known to

me ou the score of convenience and economy. I prefer sunlight and
the use of a heliostat, on account of the shorter exposures, but an

extended experience has shown me that there are mauj^ disappoint-

ments when one depends on the light of the sun. On the day we have

selected for making our photomicrographs it may be obscured by

clouds, and often for weeks together there will be no day suitable for

our purpose.

My apparatus for making photomicrographs by gaslight is shown

in Fig. 5 ; a is the camera, which has a pyramidal bellows front, sup-

Fn. 5.

ported by the heavy block of wood h; this can be pushed back upon

the baseboard which supports it, so as to allow the operator to place

his eye at the eyepiece of the microscope. A¥hen it is brought forward

an aperture of proper size admits the outer extremity of the eyepiece

and shuts out all light except that coming through the objective; c is

the microscope, d the Abbe condenser supported upon a substage; eis

a thick asbestus screen for protecting the microscope from the heat

given off by the battery of gas-burners/. This asbestus screen has an

aperture of proper dimensions to admit the light to the condenser d.
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The gas burners are arranged in a series witb the flat portion of the

flame facing the aperture in the asbestus screen e. The concave

metallic mirror g is properly placed to reflect the light in the desired

direction. I have not foniul any advantage in the use of a condensing

lens other than the Abbe condenser upon the substage of the micro-

scope. With Garbutt's orthochromatic plates, sensitometcr 23, and a

yellow screen back of the Abb6 condenser, I have found that an ex-

posure of from 10 to 15 minutes is required when the screen is in proper

position to give an amplification of 1,000 diameters with the apochro-

matic objective of Zeiss, ol. im., 3mm., ap. 1.30, and his projection eye-

piece No. 3.

My arrangement for focusing is also shown in the figure. The brass

rod i has at one extremity the grooved wheel /t, which is connected with

the fine-adjustment screw of the microscope by means of a cord. The
focusing wheel J may be slipped along the rod i to any desired position,

and is retained in place by a set screw. The rod i is supported above
the camera by arms depending from the ceiling or attached to the base-

board supporting the camera, at such a height that the focusing wheel

/ may be easily reached with the right hand when the operator has his

eye at the center of the focusing screen.



IV-GENF.RAL RESULTS OF INVESTIGATIONS MADE.

(a) EXAMINATION OP " SMEAR-PKEPARATIONS."

As Stated under the beadiug " Methods of Research," I have made
smear preparations from the material obtained at my autopsies in the
•entire series of cases. These have for the most part been stained with
an aqueous solution of fuchsin.

My preparations of blood from the heart have not shown the presence
'of microorganisms even in cases in which I have obtained them by the
culture method. This is easily explained. When I add two or three

drops of blood to liquefied fle8h-pei)tone-gelatine in a test tube and make
au Esmarch roll-tube, every microorganism present, capable of growing
in this medium, forms a colony. Now, as a rule, the result of such cul-

tures has been negative, but in certain cases colonies of the bactcrhlm

coH commune, and occasionally of other bacilli, have been developed in

these cultures. But the number of colonies has been comparatively

small, and the solitary and scattered bacilli which produced them might

easily escape attention in a smear preparation, for the amount of blood

used in my culture experiments would make very many of these. The
same remark applies to similar preparations made from the tissues, but

here the result is somewhat different, inasmuch as in a certain propor-

tion of the cases microorganisms have been found in my examination of

smear preparations from the liver, made as soon as possible after the

autopsy.

This is shown by the following notes, which 1 transcribe from my
note books:

Axi topsy No. 14, Case 1, 1889.—" Direct examination of material from liver aud Iddncy

shows tlio presence of a large bacillus with square cuds." (My bacillus N.)

Autopsii No. 18, Case 5, 1889.—" Direct examination of blood negative, of liver a few

small, oval bacilli in pairs."

Autopsy No. 22, Case 9, 1889.—" Bacilli iu liver on direct examination."

Aniop&y No. 28, Case 15, 1889.—" Material from liver, in collecting bulb, 9 hours after

collection, contains a largo bacillus. Slide 13-25."

Autojisy No. 29, Case 16, 1H89.— " Numerous bacilli in liver on direct examination (a).

They are in groups. Slide 1368."

Autopsy No. 33, Case 20, 1889.—"Bacillus Npresent in liver at time of nmking autopsy.

Slide 1426."

Auloi)sy No. 39, Case 26, 1889.—" Bacillus N in liver. Slide 1469."

Autopsy No. 41, Case 28, 1889.—" Liver contains a low large bacilli (N). Slide 1476."

As was to have been expected, my smear prepaiations made from

material obtuiued from the stomach aud intestine have always shown

112
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the abimdaut presence of microJirganisms. As iu material from the

same source obtained from persons dying from other diseases thau

yellow fever, or from accident, the microorganisms present in the ali-

mentary canal are various and differ to some extent in different indi-

viduals. There is uo single one to fix the attention as being peculiar

to yellow fever, or so constantly and abundantly present as to give

ground to the belief that it is concerned in the etiology of this disease.

Iu the contents of the stomach one finds micrococci and bacilli of

various forms and very commonly numerous cells of a torula, resembling

in its morphology torula cerivisece.

The micrococci resemble those coustautly found in the healthy human

mouth. Some are iu irregular groups, some iu long chains, and some in

sarcina-like groups; but no one form is constant. The bacilli also differ

greatly iu morphology. In one case short oval bacilli in chains were

exceedingly abundant; in other cases bacilli resembling the colon bacil-

lus, or larger bacilli in chains, were the most prominent forms present. In

the intestine micrococci are notso frequently encountered, and short oval

bacilli resembling the bacterium coU commune or larger bacilli resembling

my bacillus N are more abundant. Evidentlj^ no conclusions of any

value could be reached by a microscopical examination of these various

organisms without resorting to culture experiments, by which they may
be isolated and studied separately. This is the difficult task which I

felt compelled to undertake and the results of which will be given un-

der another heading. But I may remark here that I have not obtained

iu my cultures nearly all of the forms which I have recognized in my
smear preparations from the stomach and intestine. Some of these I

did not obtain at first because I made only aerobic cultures and they
prove to be " strict anaerobics." Others have not developed even in my
anaerobic cultures, and the inference is that the media employed may
not be suitable for their growth. It is quite pos^^ible that certain of the
bacteria of the intestine depend for their development upon some of the
excretory products peculiar to this locality, or upon the presence of other
species which evolve products necessary for their growth.

I have had my attention especially attracted by an extremely slender
/

and long bacillus which has been very abundant in many of the smear
f

pieparations, but wliich has never shown itself in my cultures. It is
j

the smallest microorganism, so far as its breadth is concerned, that I
/

have yet encountered
; is a flexible filament as shown by the various /

shapes it assumes, and may reach a length of 50 micromillimotres or/
more.

{h) AEROBIC CULTURES.

My aerobic cultures from blood drawn from one of the cavities of the
heart in one of the collecting bulbs described have in a majoritv of the
cases given a negative result; but in a certain propoition of the cases
culonies have developed in Esmarch roll-tubes to which one or more
drops of blood had been added.

4UG7 8
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My first five autopsies, made in 18S8, gave a negative i-esult. In case
6, autopsy 4 hours after death, colonies of two (lilTerent Icinds were ob-
tained in cultures from the blood, liver, and kidney. One of these was
niy bacillus a {bacterium coU oommune).
Again, in cases 7 and 8 the result was negative; but in case 9, in which

the autopsy was made 5 hours after death, numerous colonies of bacillus
a developed in my cultures from the blood, liver, and kidney. The next
case in which I obtained microorganisms from the blood was No. 15,
Havana, 1889. In this case a few colonies of a ditterent bacillus were
found.

In case 18, 1 again obtained a few colonies of bacillus a.

Case 19 gave a negative result, and in subsequent autopsies I did not
collect blood from the heart, inasmuch as the material obtained from
the liver always contained a considerable quantity of blood, and would
sliow the presence of microorganisms if they were to be found in the

general circulation.

The results obtained in my aerobic cultures from the liver and kid-

ney are as follows

:

In case 1, I obtained a single colony of bacillus a in my culture from
tlie kidney. The same bacillus was obtained from the kidney of case 3,

and in case 5; the cultures from case 6 gave the same bacillus in gela-

tine Esmarch tubes from the liver and kidnej^, associated with another

bacillus not particularly described in my notes. In case 9, I obtained

numerous colonies of bacillus a in cultures from the blood, liver, and

kidney. In case 14, a few small transparent colonies developed in my
culture from the liver, a few colonies of a micrococcus were obtained

from the spleen, and my bacillus q was obtained from the spleen and

kidney. In case 16 numerous colonies of a bacillus designated by the

letter p, which I now believe to be identical with my bacillus x, were

obtained in my gelatine Esmarch tubes from the liver and kidney. This

autopsy was a late one, having been made 13| hours after death. In

case 18 a few colonies of bacillus x were obtained from the kidney. In

case 20 the colon bacillus {a) was obtained from the liver; in case 28, my
cultures from the liver contained a liquefying bacillus. In case 29 cul-

tures from the liver contained bacillus a and bacillus x. In case 30

cultures from the liver contained numerous colonies of bacillus a and

of bacillus x. In case 33 numerous colonies of bacillus a were obtained

in gelatine Esmarch tubes from the liver.

A summary of these results shows that I have obtained microorgan-

isms in my aerobic cultures as follows : In blood from the heart, 4 times

in 19 cases; in the liver or kidney or both, 13 times in 43 cases.

It will be noticed that the microorganisms most frequently encountered

were non-liquefying bacilli, my bacillus a and bacillus x.

We are therefore able to assert in the most positive manner that the

blood and tissues of yellow fever cadavers do not contain aerobic liquefy-

ing organisms, unless by rare exception, and can definitely exclude the
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micrococcus of Frcire and the tetragenus of Fiulay from consideration

as possible agents in the etiology of this disease, as both of these grow

readily in the culture medium used in these investigations and both

liquefy gelatine.

The non-liquefying bacilli found in a certain proportion of the cases

are not in sufficient numbers or sufficiently constant to give support to

the view that they are the specific cause of the disease, and the fact

that they are not found in a considerable number of typical cases is

sufficient reason for excluding them as being directly concerned in its

etiology by reason of their presence in the blood and tissues. ' But we

may suppose that they have their proper habitat in the alimentary canal

and that the morbid phenomena are due to a toxic ptomaine, produced

in this situation. Under this hypothesis the occasional presence of

these bacilli in the tissues is to be regarded as accidental and as result-

ing from the emigration, during the last hours of life or post-mortem,

of microorganisms from the intestine, and we have to ascertain whether

one of the bacilli found most commonly in the tissues or any other

micro(3rganism present in the alimentary canal is the speciflc agent we
are in search of.

AEROBIC CULTURES FROM TU.K STOMACH AND INTESTINE.

As heretofore stated, direct examination of stained preparations from

the stomach and intestine reveals the presence of a vast number and
great variety of bacteria. But our aerobic cultures do not enable us to

isolate all of the different forms which we may recognize by direct ex-

amination. A complete bacteriological analysis of the intestinal con-

tents involves an amount of labor that none but experts in this line of

research are likely to comijrehend ; and as very many of the micro-

organisms found in this situation will not grow in the presence of oxy-

gen, both aerobic and anaerobic cultures must be made in a variety of
media. Moreover, our methods give us only those organisms which
are most abundantly present, for these alone remain in the third of a
series of pi ate-cultures, or Esmarch roll-tubes, in which we expect to
obtain isolated colonies. In the case of non-liquefying organisms, es-

pecially, we have no means of knowing how many species present in
No. 1 of a series of Esmarch. roll-tubes have been left behind in the
diluting process by which we obtain isolated colonies in, tube No. 3.

The presence of liquefying microorganisms, when these* are few in
number, is, however, revealed in No. 1 of a series, although the liquefy-
ing center may include a variety of microorganisms, and it is only by
making a second, and often a third, series of roll-tubes, that we are
able to obtain the liquefying organism in pure cultures.

I may say, in general, with reference to my cultures from material
obtained from the stomach and intestine post-mortem, and from the
alvine discharges during life, that by far the greater number of the micro-
'organisms present do not liquefy gelatine. In a series of Esmarch roll-
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tubes, No. 1 is soiuctiinos coinplotely liquefied in 24 Lours, No. 2 may
contain a number of liquefying- colonies, but iVo. 3 abnost without excel)-

tion contains isolated colonies of non-liquc/yiufj bacilli. In a considerable
proportion of the cases there are no liquefying;- colonies even in tube No.
1 of a series, in which the non-liquefying- colonies are so numerous as to

give the entire gelatine coating of the tube au opalescent appearance,
due to the closely crowded minute colonies. This fact seems to exclude
from consideration the supposition that yellow fever is due to the pres-

ence in the alimentary canal of a liquefying bacillus, as is the case in

cholera.

We might be satisfied with, this general statement but for the

fact thatDr. Paul Gibier, a French bacteriologist, during his visit to

Havana in 1888, encountered a liquefying bacillus which he supposed,

for a time at least, to be the specific microbe of the disease. In view

of Dr. Gibier's publication referring to this bacillus, I have given special

attention to a search for liquefying bacilli in the alimentary canal and

in the dejecta. As stated, no liquefying colonies have made their ap-

liearauce in a considerable proportion of the cases, but in a few excep-

tional cases the liquefying colonies have been very numerous. Thus in

case 2, Havana, 1888, my bacillus e was present in my cultures from

the stomach. In case 4 and in case 9, Gibier's bacillus (my bacillus g)

was obtained in my cultures from the stomach and intestine. In case

10 my note is, " single liquefying colony from stomach (Gibier !)." Case

11, which was an autopsy made 1 hour after death, on the evening of

my arrival at Decatur, Ala. (October 3, 1888), gave me very numerous

liquefying colonies, both from the stomach and the intestine, and the

liquefying organism turned out to be the Staphylococcus pyogenes aureus.

In my second autopsy at Decatur (case 12) I again obtained numerous

liquefying colonies in my gelatine Esmarch tubes from the stomach and

intestine, but this was a very different organism from that encountered

in the preceding case ; it proved to be a large bacillus with square ends

of the "subtilis" order (my bacillus q). In a third autopsy, made at

Decatur, no liquefying colonies were found in my cultures from the

stomach and intestine (case 13). My notes with regard to this point

in the autopsies made at Havana in 1889 are as follows

:

No. 14. "No liquefying colouies from stomach or intestine." No. 15. " No liquefying

colmiies'in cultures from intestine; a few in Esuiarcli No. 1 from stomach." No. 16.

"Liquefying bacillus (bac. o) in gelatine Esmarch tubes from stomach and intestine."

No. 17. " Cultures from intestine bacillus a and a single liquefying colony, not Gibier's

bac "
'

No. 19. " No liquefying colonies from stomach or intestine at end of 24 hours."

No 20 " Bacillus
i/,

obtained from intestine. Esmarch's 1 and2, both liquefied at end

of 24 hours " No. 21. " Gelatine Esmarch No. 1 from intestine liquefied at end of 48

hours bac. cfi." No remarks in cases 2-2, 23, and 24. No. 25. " No liciuefaction of gehi-

tine Esmarch tubes from intestine." No. 27. " Liquefying bacillus in gel. Es. from m-

testine" TuboNo. Uiquefied at end of 24 hours." No. 28. " No liquely.ng colonies m

...1 roll-tubes fron, intestine." No. 29. " Gelatine Esmarch No. l,fromiutcst.nc hque-

ned iu 24 hours, single liquefying colony in No. 2, numerous non-liquofynig colonies

in No 3 colon, etc." Later note: "The liquefying bacillus from lutestmo is g.
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No 30 "No liquefaction of gelaune Esmarch No. 1 in 48 hours; No. 3 contains nn-

Zl of bacillus J' No. 31. " No liaucfaction of gclatn.e tubes from

testiue at end of 48 hours. No. 3 contains mostly co on
'^''''^'^\^%'\J'^^^^^

faction of golatine Esmarch No. 1 from intestine m 48 hours." No. 33 Esma ch No.

/rom int:stiue, contains some liquefying colonies at end of 48 hours (bac.
5

no,^

No. 2 and 3, which contain numerous colonies of the colon l>acillu8. No. 35. A

ew liquetying colonies in Esmarch No. 1 from intestine." No. 36. " No liqnefying

colonies in Esm.archl from intestine." No. 37. "About 100 hquefy.ng colonies in Es-

march No. 1 from intestine ; none in 2 and 3, which contain colon bacillus and bacil-

lus X." No. 38. Six liquefying colonies in Es. 1 from intestine
;
none in 2 and 3.

It will be seen from these notes that Gibier's bacillus (my bacillus g)

has been present in the intestine in a few of my cases, but that it has

been absent in a much greater number, and when present has not been

abundant as compared with the non-liquefying organisms. The infer-

ence is that its presence is accidental, and that it bears no etiological

relation to the disease, and in view of the facts developed by my cultiye

experiments, the broad statement seems justified that yellow fever is not

due to a liquefying aerobic bacillus.

One reservation might, perhaps, be made be'fore this general state-

ment will be accepted. May not the bacillus of Gibier or some other

liquefying bacillus be present in the intestine during the earlier stages

of the disease and disappear later, so that it is not found as a constant

thing in material obtained from the intestine post-mortem ?

Dr. Gibier himself has made the suggestion, and my researches in

Decatur were largely made for the purpose of obtaining a definite an-

swer to this question. These researches show that liquefying bacilli

were encountered rather more frequently in cultures from the alvine

discharges of yellow fever patients than in those from the intestinal

contents obtaine d post-mortem. But the bacillus obtained most fre-

quently was not that of Gibier, but my bacillus o. The remarks made

with reference to the comparative abundance of liquefying organisms

in material obtained from the intestine post-mortem apply as well to

the dejecta during life, as compared with the non-liquefying organisms

they are very infrequent. This is shown by the following notes made
in Decatur

:

Feces, case 1 : "Esmarch tubes contain in great abundance the colon bacillus, and
in much smaller numbers a liquefying bacillus, o." Feces, case 2: "Esmarch No. 1

contains a liquefying bacillus, same as in case 1, not very numerous, as shown by ab-

sence from tubes 2 and 3." Feces, case 3 :
" Colon bacillus the principal form ; a few

liquefying colonies in Esmarch No. 1." Feces, case 4 :
" Liquefying bacillus in tube

single liquefying colony in tube 2." Feces, No. 7 : "No liquefying colonies ; a doubt-
fulcase." Feces, caseS: "Numerous liquefying colonies in tube 1 ; b.acillus o." Feces,

case 9: "Several liquefying colonies in tube 1." Feces, case 10: " No liquefying col-

onies at end of 48 hours; liquefaction of tube I at end of 3 days." Feces, case 11:

"Tuluis I and 2 both li(iuelied at end of 48 hours." Feces, case 12: "Tubes 1 and 2
both ]i(inofied at end of 48 hours." Feces, case 13: "Tubes 1 and 2 both liquefied at
end of 48 hours." Feces, case 14 : "No liquefying colonies at end of 48 hours." Feces,
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ca,so l5: "Tubes 1 and 2 liqueHed at oiul of 48 hofirH." Feces, case IG- "Tubel
partly hqnoned at o.ul of 48 liours." Feces, case 17: " Numerous liquefyiuK coloniesm tube 1; bacillus o.» Feces, case 18: "Both tubes liquefied at end of 48 hours"
I'eces,ca80l9: " Tube 1 partially liquolied in 48 hours; tube2uot; bacilluso" Feces
case 20: "Tube 1 liquefied in 24 hours; no liquefying colonies in tube 2." Feces case
81: "Numerous liquefying colonies in 48 hours; bacillus o and bacillus e " Feces
case 22: "Tube 1 liquefied." Feces, case 23: " Tube 1 liquefied

; tube2not.» Feces'
case 24

:
" Tube 1 liquefied in 24 hours ; a few colonies in tube 2 ; bacillus o and bacil-

lus e.» Feces, case 25
:
" Both tubes liqnslied at end of 24 hours ; bacillus o." Feces

case 2G: "Tube 1 liquefied in 24 hours; tube 2 about 20 colonies; o and Feces'
27: " Tube 1 completely liquefied in 24 hours; No. 2, 20 to 30 colonies." Feces, case
28: " Tube 1 liquefied in 24 hours; no liquefying colonies in tube2; bacilluso." Feces,
case 29: "Tube 1 liquefied in 24 hours; single colony in tube 2." Feces, case 30

':

"No liquefaction in either tube." Feces, case 31 : "Tube 1 completely liquefied in
24 hours

;
bacillus t, and another, not oov g; tube 2 no liquefaction," Feces, case 32

:

"No liquefaction in 24 hours; tube 1 liquefied in 48 hours." Feces, case 33: "Tube
1 liquefied in 24 hours ; all three tubes liqnefied in 48 hours ; bacillus Feces, case
34< " Tube 1 not liquefied in 48 hours

; some liquefaction on third day
; bacilluso."

Feces, case 35
:
" No liquefaction in 3 days." Feces, case 36 : "A few liquefying col-

onies in tube 1." Feces, case 37 :
" Tube 1 contains a few liquefying colonies; bacil-

lus ."

It will be noticed tliat in many instances I have simply noted the fact

that liquefaction of tube 1 occurred in 48 hours, etc., without specifyiug

the liquefying organism. This was because I had neither time nor cul-

ture material to determine this in every case. The general result of

my culture experiments is that liquefying organisms are present in the

dejecta in comparatively small numbers, and thatthere is no one which

is constant, but that liquefaction of the gelatine is due sometimes to

one and sometimes to another organism of this class.

In a series of comparative experiments made upon the alvine dis-

charges of convalescents and healthy persons liquefying colonies ap-

peared somewhat less frequently, as is shown by the following notes

:

Ocioher 25: Feces, self. "A single liquefying colony in tube 1." October 25: Feces

of convalescents of 3 weeks. "No liquefying colonies." October 26: Feces of healthy

man. " No liquefying colonies." October 27: Feces, healthy man. " Neutral reac-

tion; completely liquefied in 3 days." October 27 : Feces of convalescent. "About

20 liquefying colonies." October 28 : Fece.s, healthy man. "Completely liquefied on

third day." October 28: Feces of convalescent. " Tube 1 completely liquefied in 24

hours; tube 2 on third day." October 28: Peers, healthy man. " Not liquefied."

October 28: Feces, healthy man. " Completely liquefied on third day." October 28:

Feces, healthy man. "No liquefying colonies." October 29: Feces, convalescent.

" Single liquefying colonies." October 29 : Feces, convalescent. "Completely lique-

fied in 48 hours." November 26: Feces, convalescent. "Tube 1 liquefied: bacillus

e." November 26: Feces, healthy man. "Tube 1 liquefied in 48 hours; a few lique-

fying colonies in tube 2; bacillus e." November 26: Feces, healthy mau. "Tube I

liquefied in 48 hours; some liquefying colonies in tube 2; Wurtzel bacillus." Novem-

ber 26: Feces, healthy man. "Tube 1 liquefied in 48 hours, some liquefying colonies

in tubes 2 and 3." November 26 : Feces, convalescent. " Tubes 1 and 2 liquefied and

a few colonies in tube 3."

It must be remembered that in all these experiments a considerable

amount of material is added to tube No. 1, usually 2 or 3 drops from



ETIOLOGY AND PREVENTION OF YELLOW FEVER. 119

the collecting bnlb, whereas a single oese is carriiHl over to tube No. 2,

and again from this to No. 3. Evidently, in view of the facts stated, no

special signilicance can be attached to the presence of any one of the

liquefying organisms encountered, and the bacillus of Gibier must tal^e

its place, besides my bacillus o, and my bacillus e, as being one of the

liquefying organisms occasionally present in the intestinal contents of

yellow fever patients.

Inasmuch as nonliquefying bacilli are constantly present in great num-

bers, otir investigation calls for a careful studxj of this class of organisms,

and much of my time has been devoted to this portion of the research.

As already stated, when my cultures from the blood or tissues have

given a positive result the microorganisms present have beenuonliquefy-

ing bacilli, and those most frequently found have been my bacillus a

and my bacillus x. Both of these have been present in my cultures

from the intestinal contents, and I can not doubt that this is the source

from which they made their way into the blood. I have identified

bacillus a with the butcterium coli commune of Escherich, and it is con-

sequently excluded as the specific cause of yellow fever. Bacillus x T

have not obtained up to the present time in my comparative researches,

and consequently regard it as possibly connected with the etiology of

the disease. But I have not been able to obtain any satisfactory experi-

mental evidence upon which to base a positive claim that this is the

case. I have not isolated it in a large number of cases, but it was not

until my second visit to Havana that I differentiated it from the colon

bacillus {a) with which it is associated.

In my first culture experiments, made in 1S88, Iwas very much puzzled

by the contradictory results which I obtained in inoculating my cultures

into rabbits and guinea pigs. I believe now that the promptly fatal re-

sults obtained in certain cases in which I injected cultures which I sup-

l)osed contained only baccillus a were due to the presence also of my
bacillus X. The characters by which these bacilli are to be dis-

tinguished, and a detailed account of experiments made with them, will

be given in a subsequent portion of this report, in which also a systematic

account will be given of some other nonliquefying bacilli encountered
in association with them.

In thirteen of my autopsies I have collected urine through the walls
of the bladder. My culture experiments with this have given a nega-
tive result in ten cases, and in three I have obtained microorganisms,
viz: In case 1, "several colonies of bacillus a in culture from urine;"
in case 2, "the tubes from stomach., intestine, urine, kidney, and spleen
all contain numerous colonies of a liquefying bacillus " (my bacillus e);

in case 9, " numerous colonies of bacillus a in cultures from blood, liver,

urine, and kidney."

(c) ANAiOROmC CULTURES.

My method of making anaiirobic cultures has already been described,
and an account of the various microorganisms which I have isolated by
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this nictl.oa will be given hereafter. The general result has been, so
far as the blood and tissues are concerned, similar to that obtained in
my aerobic cultures. That is, various microorganisms have been en-
countered in the series of cases in which this method has been applied,
l)ut no one of them has been constant, and in a considerable proportion
of the cases the result has been entirely negative.
Some of the microorganisms isolated in my anaerobic cultures are

identical with those obtained in aerobic cultures from the same source;
for my bacillus a, bacillus x, and other bacilli associated with them in
the intestine are facultative anaerobics, and grow either in the presence
or in the absence of oxygen. But there are also in the iutestine, and
in the tissues obtained post mortem at a considerable interval after
death, a- number of "strict anaerobic" bacilli. Some of these I have
isolated and shall describe hereafter.

The following extracts from my note book will show the general re-

sults obtained by this method.

Case 14, Havana, April 23, 1889: Soldier in military hospital. Sick 5 days : autopsy
9 hours after death. "Direct exaniiuatiou of material from liver and Isiduey shows
a large bacillus with square ends (bacillus N). Numerous granular colonies in

auaerobic culture from liver (N). Five liquefying colonies in anaerobic culture from
kidney."

Associated with my bacillus N in the anaerobic cultures from the liver of this case

was a microorganism in chains, which I was at first disposed to regard as a short

bacillus and designated with the letter o. This I isolated and have still in cultiva-

tion. I now regard it as a streptococcus.

Case 15, April 28, 1889: Sick 10 days; autopsy 9 hours after death. "No micro-

organisms on direct examination of material from liver and kidney. No development

in aerobic or anaijrobic Esmarch tubes from liver and kidney." Case 16: Sick 7 daysj

autopsy 13^ hours after death. Numerous colonies of bacillus x in gelatine cultures

from liver and kidney; anaerobic cultures from liver and kidney contain the same
bacillus. Case 17: Sick 5 days; autopsy 5 hours after death. No colonies either in

aerobic or anaerobic cultures from blood, liver, kidney or larine." Case 18: Sick 5

days; autopsy 2 hours after death. "Direct examination of blood negative; ofliver

a few small oval bacilli in pairs. Aerobic gelatine Esmarch tube from blood contains

a few colonies of bacillus a. Anaerobic agar Esmarch tube from blood contains

numerous colonies of bacillus a and of a short bacillus 'n\ chains, slide 1078. Anaerobic

.agar Esmarch tube from kidnc^i o iitains numerous colonies; bacillus it), the same

from liver." Case 19: "No colonies in gelatine Esmarch tubes from blood oi liverj

no development in gelatine anaerobic tube from blood." Case 21: Sick seven days;

autopsy 10 hours after death. "No colonics in gelatine Esmarch tube from liver;

numerous colonies of bacillus N in anaiirobic agar Esmarch tube." Case 24: Sick 5

days; autopsy 4^ hours after death. "No development in anaerobic cultures from

liver and kidney." Case 30 :
" Aerobic cultures from liver contain both bacillus a and

bacillus X. Anaiirobic culture from liver contains bacillus N and bacillus 0." Case

31: "No development in aerobic or anaerobic cultures from liver." Case 32: "No

development in aerobic culture from liver, bacillus N in anaerobic cultures from liver."

Case 35: "No microorganisms in liver on direct examination ; no development in

aerobic or anaerobic cultures from liver." Case 36 :
" The anaerobic culture from the

liver in this case gives numerous colonies of a facultative anaijrobic bacillus." Case

37 : No colonies in anaiirobic culture from liver. Case 38 : "A few colonics of bacillus

X in auaerobic culture from liver."
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nj) RESULTS OF EXA.imAT10N OF TISSUES KEPT IN AN ANTISEPTIC

AVBArriNG.

Upon rcmoviDS the antiseptic wrapping from a piece of liv-.r or Kul-

.ey preserved as heretofore described, I have usually found the exterior

of the piece to be thoroughly sterilized and free from any signs of pu^

trefactive change. The interior, also, usually lias a fresh appearance

and is without any putrefactive odor. But a microscopical examina-

tion of a stained smear preparation shows that a large number of micro-

oroanisms are present, although smear preparations from the same

material made immediately after death have as a rule given a negative

result. There is evidence then that the liver and the kidney of yellow

fever patients does contain microorganisms when removed from the

cadaver at an autopsy made within a few hours after death. For the

numerous microorganisms of various species found in a piece preserved

in this way have evidently developed from others which were present

in small numbers at the time it was removed from the body. The

method insures the destruction of any bacteria which might acci-

dentally fall upon the fragment after opening the cavity of the abdo-

men
;
and, as stated, the exterior of the fragment is perfectly preserved

by the antiseptic wrapping. Comparative experiments made with

pieces of liver obtained from persons dying with other diseases have

given a similar result, and, even in a case of sudden death, in which the

autopsy was made almost immediately, I have found numerous micro-

organisms.

The one which I found most constantly and most abundantly in yel-

low-fever tissues preserved in this way was a large anaerobic bacillus

—

my bacillus N. which Inovf call bacillus cadaverinus. Having also found

this several times in my smear preparations from fresh liver tissue, and

finding it to be very common in the contents of the intestine, I hoped

for a time that it might turn out to be the specific infectious agent in

the disease under investigation. But before leaving Havana, I had

already found what appeared to be the same bacillus in a piece of liver,

preserved in the same way, which I obtained from a case of tuberculo-

sis; and since my return to Baltimore I have found it in other compar-

ative autopsies; so that I now feel compelled to exclude it from consid-

eration as having any etiological relation to yellow fever.

A number of the bacilli which I have obtained from yellow fever

cadavers, and shall hereafter describe, have been from pieces of liver

and kidney preserved in the manner mentioned ; and have been isolated

cither directly by means of Esmarch roll-tubes, or indirectly by inocu-

lations into guinea-pigs.

These bacilli are either strict or facultative anaiirobics, and they are
all able to grow in a decidedly acid medium. Several of them produce
an acid reaction in glycerine agar tubes, and one (bacillus i) produces
a very add reaction in bouillon cultures to which 5 per cent, of glyce-
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riue has been added. I therefore ascribe the very acid reaction of the
interior of tlie piece of tissue, kei)t as indicated, to the presence of those
acul-producing bacilli. I give below some extracts from my notes re-
lating- to this material kept in an antiseptic wrapping for 48 hours:
Cau 1 Havana, May 12, 1888

:
" May 14, examined liver and kidney kept in labora-

tory lor 48 hours. On section there is no putrefactive odor. The kidney contains a
largo bac.llas with square ends-slide 230 ; the liver contains the same bacillus-sli.le
231. Case 18, May 13, 1889: "Liver kept in laboratory 48 hours has on cut surface
an intensely acid reaction

; kidney also has intensely acid reaction
; both contain

bacillus N and a small oval bacillus (slide 1081)." Case 23, JmeA, 1889: "Liver
48 hours m laboratory

;
no odor, slifrhtly acid reaction, bacillus N not present." Case

28: " Liver 30 hours in laboratory contains bacillus N in largo numbers—slide 133(5 ; has
no odor and an acid reaction." Case 29 :

" Liver 48 hours in laboratory has an acid
reaction, no odor, and contains bacilli resembling a;—slide 1375. Both colon bacillus
and bacillus x obtained from this liver kept 48 hours in laboratory, also bacillus of
rabbit septicajmia by inoculations." Case 30 : "Liver 48 hours in laboratory con-
tains bacillus N and other bacilli—slide 1414; acid reaction." Case 31: "Liver 48
hours

;
acid reaction, bacillus N—slide 1417." Case 33 :

" Liver 48 hours; bacillus N,
acid reaction, fresh appearance." Case 34: "Liver 48 hours: contains bacillus N in
small numbers, fresh appearance, no odor, acid—slide 1437." Case 35: "Liver 48
hours; bacillus N—slide 1442

;
very acid reaction, no odor, fresh appearance." Case

36: "Liver 48 hours, acid, fresh appearance, no odor, bacillus N—slide 1455." Case
37

:
"Liver 48 hours in laboratory

;
putrefaction has commenced

; various bacilli pre-
sent

;
reaction faintly acid." Case 38 :

" Liver 48 hours ; fresh appearance, no odor,
acid reaction, contains bacillus N -slide 1468." Case 39: "Liver 48 hours, bacillus
N." Case 40: "Liver 48 hours; putrefaction commencing; various bacilli including
N—slide 1477,"

COMPARATIVE AUTOPSIES.

No. 1, Havana, May 17, 1889 :
" Liver and kidney from case of tuberculosis

;
autopsy

2 hours after death. May 19, cut surface of liver has a very acid reaction and con-

tains bacillus N in large numbers
;
kidney contains some bacillus in smaller numbers

;

bacillus X not present."

No. 2, Havana, May 19: "Autopsy If hours after death; tuberculosis; kidney at

end of 48 hours fresh ; no microorganisms
;
liver, putrefaction ; cut surface, acid; con-

tains a large bacillus with round ends ; bacillus N not present—slide 1120."

No. 3, Havana, May 22: Case of heart disease. "Liver at the end of 48 hours con-

tains bacillus N; cut surface has a very acid reaction; bacillus x not present."

No. 'i, Havana, May '2b: Abscess of liver. "Autopsy one-half hour after death. No
microorganisms on direct examination at end of 48 hours

;
staphylcoccus obtained in

cultures; cut surface of liver has a slightly acid reaction."

No. 5, Havana, May 25: Insane woman. "Autopsy 5 hours after death; putrefac-

tive decoui]30sition of liver kept 48 hours in antiseptic wrapping."

No. 6, Havana, May 30 : Tuberculosis. "Autopsy 6 hours after death ; bacillusN not

present; slightly acid reaction."

No. 7, Havana, June 2: Heart disease
;
autopsy 5 hours after death. " Liver putrid

at end of 48 hours."

No. 8, Baltimore, Octoler 30: Tuberculosis; autopsy 8 hours after death. "Liver

preserved 48- hours in antiseptic wrapping has a fresh appearance, no odor, acid re-

action ; contains large bacillus with round ends and end spore—slide 1485."

Cased, Baltimore, November 12,1889: Tubercular meningitis
;
autopsy 6i hours after

death. "Liver kept for 48 hours in laboratory has an acid reaction and contains

various bacilli ; one very large with round ends, one long and slender—slide 1505
;

bacillus N not present."
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Case 10, November 18. 1889: OsteomyelitiB of tibia, amyloid liver, and kidney

.<Liver 48 hours iu laboratory is perfectly preserved, has a frc.h appearance and i,o

odor, very acid reaction. Contains numerous and various bac.ll, one resen.blmgN.

No. 11: Tuberculosis; autopsy 24 hours after death. "Liver 48 hours .n labora-

tory very soft, and has an empyreumatic odor ; contains a large bacillus with round

ends; bacillus N not present."
_

Case 12: Tuberculosis; autopsy 8 hours after death. Liver in oven at 30° for 48

hours: soft, putrefactive odor; alkaline reaction ; various bacilli present, N not recog-

nized. t-

Case 13 : Death from chloroform ;
autopsy at once. " Liver preserved in antiseptic

wrapping
;
opened at end of 48 hours has an acid reaction and fresh appearance

;
con-

tains a laro-e anaerobic bacillus with end spores—slide ir)43."

Case 14 : Heart disease ;
autopsy 7 honrs after death. " Liver, 48 hours, fresh ap-

pearance, no odor, acid reaction ; contains various bacilli—slide 1.550."

Case 15: Peritonitis after laparotomy. "Liver in antiseptic wrapping at end of

4H hours is perfectly fresh iu appearance, has a very acid reaction, and contains large

anaeTobic bacilli in great ininibers which appear to be identical with my bacillus N.

These were not obtained in an anaerobic culture in glycerine agar, but were present in

an anaerobic culture in blood serum and glycerine agar mixed, associated with other

bacilli—slide 1898."

Case 16: Tumor of uterus
;
autopsy 4 hours after death. " Liver preserved 48 hours,

fresh in appearauce, no odor, very acid reaction; various bacilli; bacillus N not pres-

ent."

These notes show that the large anaerobic bacillus which I have

designated by the letter IST was more constantly present in the liver

from my yellow-fever cases than in ray comparative autopsies, but the

hope which I entertained for a time that it might be the specific infec-

tious agent has given way before the evidence of its presence in the

liver of persons dying from other diseases. It is true that I had this

evidence before returning from Havana, but I admitted to myself the

possibility that acclimated persons dying in the infected city during the

epidemic season might carry the specific germ in their intestine, and
that upon their death from another disease it might invade the tissues.

1 was therefore not willing to exclude this bacillus until I had found it

in comparative autopsies made outside of the area of possible yellow-

fever infection. Having found it in my comparative autopsy No. 15,

made in the city of Baltimore, in January, 1890, I can no longer enter-

tain the supposition that it may be concerned in the etiology of yellow
fever.

(e) RESULTS OF EXPERIMENTS UPON ANIMALS.

I shall give an account of my experiments with pure cultures of the
various bacteria which I have isolated in connection with my systematic
description of these microorganisms. At present it is my intention to
record the results obtained from inoculations of blood, urine, liver
tissue, and material from the stomach and intestine, and first it will be
well to call attention to similar experiments whicli have been made by
others. I quote from my previous report, published in the annual
volume of the Marine-Hospital Service for 1889.
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Wc quote Jia follows from Dr. Freiro's principal worlc" (Doctrine Microbionno do la
Fievrc, Jaime, 18So)

:

"My iirat experiments made upon the monkey and tlio dog f;avo a negative result

(p.

"I have also inoculated black vomit into a dog, repeating the injection twice, at
intervals of some days. * * * No phenomenon indicative of yellow fever mani-
fested itself (p. 36),

"Fowls and pigeons also enjoy a complete immunity, as wo shall see further on.

After having inoculated tljeso animals with blood drawn directly from the corpses of

yellow-fever patients, and also with cultures of different degrees of transplautatiou,

"without having succeeded in any case in transmitting to tliem the malady, I turned
niy attention to other animals, to rabbits and to guiuea-pigs.

" My attention -was especially called to guinea-pigs because a merchant of the

place s.iid to mo that just when tlio epidemic had attained its niaxium of intensity ho

supported an enormous loss on account of the pcste, which killed each day a great

number of his guinea-pigs " (p. 36).

We remark that the guinea-pig is very subject to various forms or

septicaemia, and that those who have endeavored to raise them in lati-

tudes "Where yellow fever does not prevail have often experienced heavy

losses, especially during hot weather and when their cages are not care-

fully cleaned. My guinea-pigs in Havana in 1879 did not contract

yellow fever, although they were exposed on an infected ship during

the hottest part of the year for a period of 48 hours. Moreover, Dr.

Freire himself gives evidence that during the winter months he inocu-

lated these little animals with blood from yellow fever patients without

result. He says :

•

"The influence of season upon the evolution of the microbe of yellow fever is very

powerful. For the purpose of determining the nature of this influence we have pro-

ceeded to various experimental researches. We haVe inoculated a large nunibor of

guinea-pigs, not only by the method of vacciuation but also by subcutaneous injec-

tion of cultures of the microbe in gelatine. These cultures showed themselves fertile

in characteristic organisms, and their energy had already been proved, since their in-

oculations had caused the death of several animals. Very well ; these inoculations

made in July and August have given only negative results. The animals presented

a slight elevation of temperature, but survived the consequences of the inoculation.

Even the blood of patients sick with yellow fever inoculated into animals in the

months of July and August could not cause their death. Indeed, on the 15th of August

we have injected with "the blood of a patient attacked with yellow fever nine guinea

pigs. The following is the course of the temperature as observed:

Before After injection.

Number. the exper-
iment. July 16. July 17. July 18. July 19.

o

38.0

0

30.0

o

37.8

0

38.2

o

39.0

38.8 38.7 39.0 39.0 39.6

39.0 39.0 38.0 38.4 38.8

38.6 39.9 38.9 38.8 38.6

30.0 39.2 38.0 39.9 39.0

38.8 39.0 38.8 .39.8 40.0

30.1 39.0 38.5 38.9 39.4

39.2 39.2 37.4 .mo 38.

5

38.8 38.2 • 39. G 39. 2 38.5
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-The following .lays tho temperatures of nearly all of these anin.als became nor-

,nal None of then. died. The fact shows the iunocuity, dnc to a change of season,

of the inoculations which a n.onth previously showed thcmseh-es virulent and so

toxic that they infallibly caused the death of all tho animals" (i). 23o).

Dr. Freiro has referred to tbe exj^erimeuts of Dr. Range, "Medeciu

de i)rennere classe," of the French navy, as couftrniing his own. These

experiments were niiule during an epidemic, which occurred in 1885,

upon the lies du Saint (Guayaua).

The iuocidatiou experiments of Dr. Eange were made dtiring the

height of the epidemic, In the mouth of April. He says:

" In guinea-pigs inoculation of blood taken directly from the patient was not fol-

lowed by any result. luoculat ions with black vomit, cultures from blood, or cultures

from black vomit gave always a positive result; that is to say, they were followed by

reactional phenomena. Four times they determined, death."

These cultures, like those of Dr. Freire and others obtained from tho

same source, no doubt contained various organisms, and among them one

or more may have been pathogenic for the guinea-pig; but the experi-

ments made have shown most definitely that blood drawn directly from

the patient during the epidemic season does not kill guinea-pigs. We
must therefore coucUulo that the death of guinea pigs inoculated by Dr.

Freire during the epidemic season resulted not from yellow fever, but

from inoculation with some pathogenic organism which was abundant

during the summer months, and consequently was present in his cul-

tures, or from accidental inoculation through the wound made by him

in his experiments. The guinea-pig is very subject to the last-men-

tioned accident, especially when kept in foul cages. Its own discharges

and the remnants of food in its cage furnish a pabulum in which a mul-

titude of microorganisms are to be found. Owing to the shortness of

its legs its abdomen is constantly soiled with this material, and if any
pathogenic organism is present an inoculation wound made for experi-

mental piiri)Oses can scarcely fail to be infected with it.

It is scarcely worth while to give in detail the exj)eriments upon
guinea-pigs made by Freire in which death followed the inoculation,

and in every one of which the assumption is made that the animals
succumbed to yellow fever. But his summary statement of these exper-
iments presents some points of interest. Thus we find that one ani-

mal died at the end of a few hours, while one lived for 30 days. Yet
death in both of these extreme cases is ascribed to yellow fever, resulting
from the inoculation practiced.

BLOOD AND LIVER TISSUE FROM A RECENT AUTOPSY NOT PATHO-
GENIC FOR GUINEA-PIGS OR RABBITS.

My experiments nuxde in Havana during the epidemic season fully coa-
flrm those of Range as to the innocuity of yellow fever blood when in-

jected into guinea-pigs in considerable (puiutity. This is shown by tho
following experiments

:
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May 13, 1889.—In jected one-fourtli of a cubic contiinotie ofbloocl obtained at autopsy
from heart of case 7 into the abdominal cavity of a very small guinea-ply. Result
iie<i;ative.

Nay 13, 1889.—Injected one-half of a cubic centimetre of blood serum from heart of
case 17 into cavity of the abdomen of another small guinea-pig. Result negative.
May 23, 1889,—Injected snbcutaneously and also in cavity of abdomen a .small

amount of crushed liver tissue from case 19 into guinea-pig No. 54. No result.

May2Q, 1889.—Injected into subcutaneous tissue of guinea-pig No. 58 one-half
of a cubic centimetre crushed liver tissue from case 20. No result.

J«ne4, 1889.—Injected subcutaneously into guinea-pig No. 82 5 minims of crushed
liver tissue from case 22. No result.

June 13, 1889.—Injected subcutaneously into guinea-pig No. 100 one-half of a cubic
centimetre blood and crushed parenchyma from liver of case 24. No result.

June 13, 1889.—Injected snbcutaneously into guinea-pig No. 101 one cubic centi-

metre blood and crushed tissue from kidney, case 24. No result.

June 29, 1889.—Injected subcutaueously into guinea-pig No. 126 one half of a cubic

centimetre blood and liver pulp from case 25. No result.

All of these injections were made with material in which no micro-

organisms were recognized in smear preparation stained with fuchsiu.

In the following cases in which death followed the inoculation micro-

organisms were present:

May 27, 1889.—Injected subcutaneously into guinea-pig 60 (quite small) 4 minims

ofmaterial from liver of case 21, just collected. This animal vras found dead at 6 a. m.,

on the morning of May 28. The autopsy showed extensive subcutaneous oedema

extending from point of inoculation, and the effused serum contained a large anaerobic

bacillus, my bacillus N.

J^lly 16, 7.30 a. m.—Injected subcutaneously into guinea-pig No. 153, 5 minims of

blood from liver, case 28, containing a large bacillus; slide 1325 (N ?). The animal

died at 10 p. m. Extensive subcutaneous effusion of bloody serum. Bacillus N re-

covered from liver.

These experiments show that blood and liver tissue obtained at recent

autopsies do not, as a rule, kill guinea-pigs, but that in exceptional

cases, in which the large anaerobic bacillus is present, which I have

designated by the letter 'S, death may occur very promptly.

I have also obtained negative results from injections of fresh liver

tissue into rabbits.

^Mi7«st 9, 1869.—Injected subcutaneously into rabbit No. 158 2 minims of crushed

liver tissue from case 30. Result negative.

August 12, 1889.—Injected subcutaneously into rabbit 164 5 minims of material

from liver of case 32. Result negative.

Augiist 13, 1889.—Injected subcutaneously into rabbit 189 4 minims of material

from liver of case 33. Contains bacillus N, slide 1426. Result negative.

August 15, 1839. —Injected subcutaueously 1 cubic centimetre material from liA'er of

case 35, principally blood, into rabbit 170. Result negative.

August 19, 1889.—Injected subcutaneously one-half of a cubic centimetre material

from liver of case 36 iuto rabbit 178. Result negative.

Augu8t2l, 1889.—Injected subcutaneously into rabbit 183 2 minims material from

liver of case 37, Result negative.

August 22. 1889.—Injected subcutaneously I cubic centimetre blood and liver tissue

from case 38 into rabbit 184, Result uogafcivo.

These experiments suffice to show that as a rule blood and liver tis-

sue from a recent autopsy is not pathogenic lor rabbits. But in the
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foUowiug case death resulted from the subcutaueous injectiou of similar

material

:

August 10, ie89.-Injectod subcnt.meoualy into rabbit 159 3 minims from liver of

case :}1. Animal died in convulsions at 1 p. ni., August 12.

The bacillus of rabbit septicaemia was recovered from the liver in an

agar-stick culture.

The same bacillus was obtained indirectly from another case, as

follows

:

Guinea-pig No. 172 injected July 31 with material from liver of case

29, kept 48 hours in an antiseptic wrapping, died the following day.

Anaerobic culture in gl^'cerin agar from the liver of this guinea-pig

contained bacilli and was injected (1 cubic centimetre) into guinea-pig

141, which died at the end of 32 hours from the time of injection. An
anaiirobic culture in blood serum from the liver of this guinea-pig was

injected on August 6 into rabbit 150, which died the following day.

The blood and liver of this rabbit contained a small bacillus with

stained ends, which proved to be the bacillus of rabbit septicemia.

Cultures from the blood and liver of this rabbit and the preceding one

were subsequently injected into other rabbits with a uniformly fatal

result, and the bacillus was fully identified as Koch's bacillus of rab-

bit septicaemia, now generally admitted to be identical with the bacillus

of fowl cholera, first described by Pasteur as a micrococcus.

YELLOW FEVER URINE NOT PATHOGENIC FOE, RABBITS.

May 5, 1889.—Injected into cavity of abdomen of rabbit 101 7 cubic centimetres

urine from case 16, drawn at autopsy through walls of bladder. Result negative.

May 10, 1889.—Injected into cavity of abdomen ofrabbit 105 (weight 1,000 grammes)
11 cubic ceulimetres of albuminous yellow fever urine from a case in the third day of

the disease. Temperature, 30 minutes after the injection, 104° F.
;
respiration nor-

mal. The animal remained in good health until iised for another experiment.

July '29, 1889.—Injected into cavity of abdomen of rabbit 133 (weight about 1,000

grammes) 10 cubic centimetres of highly albuminous urine from a case in the fourth
day of the disease ; urine collected two hours before injection; slightly acid; specific

gravity, 1.025. Result negative.

VIEULENCE OF LIVEE TISSUE KEPT FOE 48 HOUES IN AN ANTISEP-
TIC WEAPPING.

I have already referred to the fact that a piece of liver or kidney
from a yellow-fever patient which has been enveloped in an antiseptic
wrapping at the time of the autopsy contains numerous microorgan-
isms when the antiseptic wrapping is removed at the end of 48 hours.
Now, if a little material from the interior of one of these pieces is in-

jected beneath the skin of a guinea-pig my experiments show that
death generally occurs within a comparatively short lime. Very shortly
after the injectiou is made the animal becomes restless, and at the end
of 3 or 4 hours he commences to dash about his cage at intervals in an
abrupt, « nervous" way. Death frequently occurs inside of 24 hours,
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ami at tho autopsy an extensive accunmhition of bloody serum is found
in the subcutaneous connective tissue. This gravitates to the most de-
pendent position, and commonly the entire wall of the abdomen is filled
with the bloody fluid, which accumulates to such an extent as to form
a large lluctuating pouch.

The effused bloody serum usually contains various bacilli, anion"-
which the most conspicuous is my bacillus Iv^ which is sometimes present
in great numbers and almost in a pure culture. This bacillus does not
invade the blood and is not found in smear preparations or cultures
from blood taken from the heart or material from the liver. Cultures
from the liver or blood, however, almost always give one or more bacilli
which have been associated with bacillus N in the liver tissue pre-
served for 48 hours, and which was used for the inoculation. Very
commonly I have obtained in these cultures my bacillus a or bacillus x,
or both of these.

'

Two or three minims of the bloody serum present in the subcutaneous
tissue injected into another guinea-pig also causes death with the same
symptoms and pathological appearances, and in the same way a third
may be inoculated from the second, and so on. But the virulence
appears to diminish, the time before death being prolonged in the case
of the second and third animals in a series, and beyond this a fatal

result is not always produced.

NOTES OF EXPERIMENTS MADE IN HAVANA IN 1889,

May 14, 4 p. m.—Injected subcutaueonsly into guinea-pig No. 43 a small amount
of crushed liver parencliyraa from piece iiept 48 hours in antiseptic wrapping, from
case 18. Tho animal was fouud dead at 6 o'clock a. m., May 16, Tiiere was au ex-

tensive collection of bloody serum in the subcutauecus connective tissue, which con-

tained bacillus N in large numbers and other bacilli. The liver was dark in color

and rather soft, spleen normal.

Ma>i 10, 10 a. m.—Injected snbcutaneously 3 minims of bloody serum from subcu-

taneous connective tissue of guinea-pig No. 43, into guinea-pig No. 45. Died morning

of May 21, extensive subcutaneous oedema ; liver and spleen normal and do not con-

tain bacilli.

Mau 24, 4j>. »i.—Injected subcutaneously into guinea-pig No. 56, 2 minims from

liver of case 19, kept 48 hours in laboratory. Found dead at 6 a. m., May 29. No
subcutaneous ojdenia; gall bladder much distended; no microorganisms in liver;

abdominal viscera normal in appearance. Pure culture of bacillus a: obtained from

blood of heart.

Jul)/ 5, 1 p. m.—Injected snbcutaneously into guinea-pig 100, 2 minims of material

from liver of case 27, 48 honrs'in antiseptic wrapping. July 6, 4 p. m. the animal

dying and was killed. Slight snbcntaneous cedema. Abdominal viscera normal in

appearance. Pure culture of bacillus x obtained from blood of heart.

Julii 'M, 9:30 a. m,—Injected subcutaneously into guinea-pig No, 172, 2 minims of

material from liver, case 29, 48 hours in antiseptic wrapping. Died at 11:30 a. m.

the next day. No subcutaneous cedema; sjjleen very large and dark in color; small

intestine hyperiemie and contains a bloody iluid. No microorganisms in culture from

liver and blood fron» heart in aqua coco. Anaerobic culture in aqua coco contains a.

bacillus having vibrio-liko movements.

Avf/nst 11, 10 a. m.—Injected subcutiineously into guinea-pig 1*"), 3 minims from
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liver of case 30, 48 hours in antiseptic wrapping. Dead Angnst 13, at 6 a. ni. Exten-

sive 8ubcutaueou6 a^deuia. Cultures in aerobic gelatine tubes from subcutaneous

bloody serum contain colon bacillus.

Autjust 15, 2:30 p. w.—Injected subcutaneously into guinea-pig No. 190, 4 raiuims

of material Irom liver of case 21, 48 hours in antiseptic wrapping; contains bacillus

N. Animal found dead at G a. in. the next morning.

Jiujutil 21, 11:30 a. m.—Injected subcutaueously 1 niinim from liver of case 36, pre-

served for 48 hours in antiseptic wrapping. No result.

Auyusl 24, 12 ?«.—Injected subcutaneously into guinea-pig 187, 2 minims of mate-

rial from liver of case 38, preserved 48 hours in an antiseptic wrapping. Found dead

at 6 a. m. the nest morning. Usual subcutaneous cedema containing bacillus N

slide 1470.

EXPERIMENTS UPON BABBITS.

August 11, 1889.— Injected subcutaneously into rabbit, No. 161, 4 minims of material

from liver of case 17, kept 36 hours in antiseptic wrapping ; contains bacillus N.

Result ucgative.

Note :—Three minims of the same material killed guinea-pig No. 185.

August 17, 1889.—Injected subcutaneously 4 minims of material from liver of case

35, kept for 48 hours in an antiseptic wrapping, into rabbit No. 176. No subcutane-

ous CEdcma. A motile bacillus recovered in aerobic culture from liver; slide 1461.

July 30, 3:30^. m.—Injected subcutaneously into rabbit 136, 10, minims of bloody

serum from subcutaneous connective tissues of guinea-pig 134; contains bacillus N
and other bacilli ; slide 1369. Animal found dead at 5 a. m. the next day. Some sub-

cutaneous cedema.

July 31, 9 a. in.—Injected subcutaneously into rabbit 139, 2 minims of bloody serum

from cellular tissue of rabbit 136. Animal died at 9 p. m. the same day. Verj^ littl'j

subcutaneous cedema.

August 11, 10 a. m.—Injected subcutaneously into rabbit No. 161, 4 minims of

material from liver of case 17, preserved 36 hours in an antiseptic wrapping ; contains

bacillus N. Result negative.

August 11, 3 p. m.—Injected subcutaneously into rabbit 162, 5 minims bloody serum
from cellular tissue of guinea-pig 150, just dead, containing bacillus N and other

bacilli ; slide 1415. The animal died at 10:30, August 15 ; abscess in middle of belly,

liver dark in color, spleen normal. The liver of this rabbit, kept 48 hours in antisep-

tic wrapping ; had on iicid reaction aud contained bacillus N.

August 17, 9:30 a. m.—Injected subcutaneously into rabbit No. 176, 4 minims of

material from liver of case 22, 48 hours in antiseptic wrapping; contains bacillus N
;

slide 1442. Dead August 21 at 6 a. m. A motile aerobic bacillus obtained in culture
from liver ; slide 1461. No subcutaneous cedema.

comparative experiments.

June 1, 1889, 10 a. m.—Injected subcutaneously into guinea-pig No. 72, 3 minims
of material from liver of case ot tuberculosis, kept 48 hours in antiseptic wrapping;
slide 1187 (comparative autopsy No. 6). Animal found dead the next day at 6 a. m.
Extensive collection of bloody scrum containing bacilli in subcutaneous tissues

;

slide 1193.

November 20, 1889. 'A p. ni.— lujected subcutaneously into guiuoa-pig No. 173, a little
material from interior of piece of liver kept iu antiseptic wrapping for 48 hours, from
comparative autopsy No. 10 ; slide 1517. Animal found dead at 9 a. m. the next day.
Extensive subcutaneous cedema; containing various bacilli ; slide 1581. Spleen en-
larged; no microorganisms recognized in smear preparation.
Noveniher 22, 10:30 a. m.—Injected sub-cutaneously 2 minims bloody serum from

connective tissue of guinea-pig No. 173 (above) into guinea-pig No. 174. Animal died
4067- 9
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at. :?:30 p. 111., Novciiibcr '2:). C'oiisidcralilcs Biilioiitaii'coiiH (udeuiii (slido 15-26), from
Avhich uultiiios iiigohitiiio roll tubus yivo ii li(iiif rviiif; bacillus of the protcuH f^'roup.
November -30.—k culture of this luiuofyiiifr bacillus in agiia coco, injected subcutane-

ously into {juinca pi-,' No. 17G, gave a negative result.

November 2:^, 4 p. m.— Lijoctcd subcutaueou.sly :i iiiiiiiinH bloody Hcruin from cellu-
lar tissnesof guinea-pig No. 174. Animal found dead on the moriiiiigof November 25.
Extensive subcutaneous (udeuia containing Lacilli (slide 1527). Liquefying bacillus
recovered from liver.

Nocember '25.—Injected subcutaueoiisly 2 niinims bloody serum from guinea-pig
No. 177. Animal recovered.

November :iO, !:> 2>. )>i., 18S9.—Injected snbciitaiieously 2 minims material from liver

of comparative autopsy No. 1:5, preserved 48 hours in antiseptic wrapping, into guinea
pig No. 181. Dead next morning at 9 o'clock. Extennive subcutaneous ellusion of
bloody serum with separation of integument; bloody serum contains a long bacillus

(slide 1544).

December 2, 3:30 p. in,—Injected subcutaneously 3 minims bloody serum from cellu-

lar tissue of guinea-pig No. 181, into guinea-pig No. 182 (material had been kept 24

hours in laboratory in the sterilized collecting bulb). Animal found dead at 9 a. m.,

December 5.. Extensive subcutaneous collection of bloody serum which contains vari-

ous bacilli (slide 1556). Gelatine roll-tubes contain a liquefying bacillus, a proteus.

December 5, 11 a. m.—Injected subcutaneously 3 niinims of bloody scrum from cel-

lular tissue of guinea-pig 182, into guinea-pig No. 185. Found dead next morning.

Some subcutaneous cedema (slide 1.5.59).

December 6, 9 a. vi.—Injected subcutaneously into guinea-pig 18C, 3 minims of bloody

serum from cellular tissue of guinea-pig 185. Animal recovered.

January 4, 3j). m., 1890.—Injected subcutaneously 3 minims of material from liver,

comparative autopsy No. 14, kept 48 hours in antiseptic wrapping, into guinea-pig

191; contains a large bacillus resembling N ; slide 1592. Animal died next day at 3

p. m. Extensive collection of bloody serum in subcutaneous connective tissue con-

taining bacillus N; colon bacillus obtained in culture from liver.

January 5, bp. m.—Injected subcutaneously into guinea-pig 193, 4 niinims of bloody

serumTrom cellular tissue of guinea-pig 191. Animal very feeble and killed at 5 p. ra.,

January G. Extensive subcutaneous cedema
;
bloody serum contains bacillus N.

January 6,5 p. m.—Injected subcutaneously into guiiieai-pig 194, 4 minims of bloody

serum from cellular tissue of guinea-pig 193. Found dead at 9 a. m., January 8. No

subcutaneous cedema; liver dark in color and full of blood
;
spleen enlarged; colon

bacillus recovered from liver.

These comparative experiments snfrtce to sliow tliat the viridcnce of

liter tissue Jcept for 48 hours in an antisepUo icraj)j_)ing is not peculiar to

yellowfever.

MATERIAL OBTAINED FROM THE STOMACH SOON AFTER DEATH IS

VIRULENT FOR GUINEA FIGS.

The stomach is usually found to contain a considerable quantity of

fluid, which may correspond with that ejected during the last hours of

life '< black vomit"—or may be a grumous and thick fluid, having a

brownish color, and containing a variety of microorganisms, together

with the desquamated epithelium of the stomach.

Ai'robic cultures from this material show the presence of a variety of

microorganisms, among which the most constant and most abundant is

iny bacillus a. Various anaerobic bacilli are also present, including my
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bacillus N. This material injected into guiuea-pigs usually produces

u fatal result witbiu 24 hours.

June 4, 10 a. m.-Injoctod Hubcutaueously into guinea-pig, No 80 n.ini.n« of llnid

ohtainod at antopsy fro.n .ston.aoh of c=i«o 2^. At 1::'.0 tho anunul was obs<.rv.a to

1.0

'""^
Fonnd dead tl.o next day at G a. Extens.vo snbcntancons

a-di'ma, and softening of abdominal nmscles. "

. ^. i ,,• <•

June 4 10 a m —Injected subcntanoously into gmnoa-pig ^4, onc-liaH ot a cnb.o

centimetre black vomit from stomach of case 2:5. obtained at antopsy. Died at 4 p.

ui. next day. Extensive snbcutaneous oedema.

Juue2[), lj>. m.—Injected subcntaneously into gninea-pi.iT ^24,2 niinuns ol daiU

grnmous Inaterial from stomach ; case 25, acid reaction. No result.

July 3 r2::{0.-Injected subcutaneonsly into guinea-pig 128, :J minims ot bloody llm.l

from stomach, case 27. Died atl::50 July 4. Extensive subcutaneous (vdema. Culture

from liver several dillerent bacilli (slide 1281). Culture from lieart, colon bacillus.

July l(i, 7 a. JH.—Injected subcutaneonsly into guinea-pig W2, 5 minims of bloody

lluid from stomach of case 28. Animaldiedat 12m., July 17. Extensive subcutaneous

(I'deuux.

TYPICAL "BLACK VOMIT" COLLECTED DURING LIFE AND INJECTED

AT ONCE INTO GUINEA-PIGS IS NOT PATHOGENIC.

June27, 10 a. w.—Injected snbcutaucously into guiuoa-pig No. 122, 1 cubic centi-

metre black vomit from yellow fever case in military hospital (typical black vomit

with very acid reaction). Result negative.

July 6, 4 J).
j>i.—Injected suboutaueously into guinea-pig 139, 1 cubic centimetre of

acid black vomit from case in military hospital, sick 7 days. Result negative.

July 8, 4 j;. m.—lujocted subcutaneonsly into guinea-pig 140, one-half of a cubic

centimetre, acid blaek vomit (same as in guinea-pig 139). Result negative.

I may remark here that my culture experiments with black vomit

have several times given au entirely negative result. (Aerobic cultures

iu tlesh-peptoue-gelatiue).

MATERIAL OBTAINED FROM THE SMALL INTESTINE OF YELLOW
FEVER PATIENTS AT AUTOPSIES MADE SOON AFTER DEATH IS

VERY VIRULENT WHEN INJECTED BENEATH THE SKIN OF GUINEA-
PIGS.

The contents of the small intestine in j^ellow fever cases iu which
death has occurred at the end of 4 to 8 days are usually dark in color

and quite viscid from the i^resence of mucus. The small intestine is

lined with this viscid black matter, which shows through its walls and
gives it the appearance of being full of a dark substance

; ^but upon
cutting itopen the quantity is commonly found to be small

;
sometimes,

however, the intestine is filled with a thin black fluid resembling black
vomit. No doubt the dark color of the material contained iu the intes-

tine, like that of black vomit, is due to the presence of blood pigment
changed by the acid secretions, and I am inclined to think that as a
rule this i)igment comes from the stoniach and is not due to intes-

tinal hemorrhage. Although considerable quantities of black vomit
are often ejected by the jnouth, there can be little doubt that a portion
of this fluid passes into the intestine, and that the liquid portion isreab-



132 ETIOLOGY AND PREVENTION OP YELLOW FEVER.

sorbed leaving- tho precipitiitcd blood pigiirciU, mixed with intestinal
nuiciis, as a tbin viscid layer upon the sui face of the mucous membrane.
This is the material which I have collected at my autopsies, and which
has served for my culture aiul iuoculation experiments.
Smear preparations stained with fuchsiu show that this uuitcrial con-

tains very numerous aud various bacilli.

^fay 26, 9:30 a. w.—Injected subcutaneously iuto giiiuoa-pig 59, 2 miuims material
from iutostine, case '20. Auiinal died at 1:30 p. in., May 27. Extensive collection of
bloody serum in subentaneoiis connective tissue. A few bacilli in liver ou direct
examination. Spleen rather large ; liver normal. A licjuefying bacillus obtained iu

cultures from liver.

May 28, 12 m.—Two tlrops of bloody serum from cellular tissue of above guinea-pig,

No. 59, injected beneatli the sliiu of guinea-pig No. 62. The animal died at 6:80 p,

m., the same day. Extensive elFnsion of bloody serum and separation of the skin
from subcutaneous tissues over entire abdomen. Various bacilli i)resent in this

bloody serum, including one which lir^uelies gelatine.

May 29, 2:30 'p- —Two minims of bloody serum from cellular tissue of above
guiuea-pig No. 62, injected beneath the skin of guinea-pig 28. Animal died at 4 p.

m., May 31. Extensive subcutaneous cedema with iuHammatory thickening of tissues.

Cultures from cellular tissue and liver give an actively motile aijrobic, liquefying

bacillus ; slide 1198.

June 1, 10 a. m.—One minim of bloody serum from cellular tissue of above guinea

pig No. 68, injected beneath the skin of guiuea-pig No. 71. Found dead moruiug of

June 3. But little subcutaneous uidema ; abdominal viscera normal ; bacillus coli

commune iu gelatine stick culture from blood of heart.

May 27, 12 m.—Injected subcutaneously into gninea-pig 61, 2 minims material

from iutestiue, case 21. Found dead at 6 a. m., May 28. Extensive collection of

bloody fluid in subcutaneous connective tissue.

June 4, 10 a. m.—Injected subcutaneously 2 minims material from iutestiue, case 22,

into guiuea-pig 81. Died at 4:30 p. m., June 5. Extensive collection of bloody serum

in subcutaneous connective tissue containing bacillusx.

June 13, 12 Injected subcutaneously 3 minims of viscid mucus, not black, from

intestine, case 24, into guinea-pig 102. Died at 8:30, June 14. Bloody serum in con-

nective tissue containing bacillus h ; this serum has a slightly acid reaction. Abdom-

inal orgai\s normal.

Jutie 14, 10 a. m.—Three minims of bloody serum from cellular tissue of above

guiuea-pig No. 102, injected beneath the skin of guiyea-pig No. 105. Died at 7:30,

Juue 15. No subcutaneous oedema. Abdominal viscera normal iu appearance.

A few bacilli in liver and blood from heart on direct examination. Bacillus h recov-

ered iu culture from blood of heart.

July 2, 1:30 p. Injected subcutaneously into guiuea-pig 127, 5 minims of

liquid feces from case of yellow fever iu civil hospital, eighth day of sickness.

Animal died at 12 m., July 5. Liver rather light in color ;
spleen enlarged.

JwZy 3. 12:30 j;.m.—Injected subcutaneously into guinea-pig 129, 3 minims bloody

fluid from intestine, case 14 (slide 1276). Died at 2 p. m., July 4. Extensive

subcutaneous (cdema. Cultures from blood of heart and from liver contain bacillus

a, also a micrococcus; cultures from serum in connective tissue, bacillus a and

a liquefying bacillus (k).

July 4,2:30 j;. TO.—Injected subcutaneously into guiuea-pig 133,2 minims bloody

serum from connective tissue of guinea-pig 129. Result negative.

July 3, 12:30 _p. m.—Injected subcutaneously into guinea-pig 130,4 minims of feces

from ca.so of yellow fever on German brig in harbor ;
feces yellow in color liquid,

alkaline reaction. Animal found dead at 6 a.m. next morning. Extensive sub-



ETIOLOGY AND PREVENTION OF YELLOW FEVER.

cutaneous ....Icma witl. soltonin- ..C the muscles. BaciUns g recovered from effused

seruui in celluliir tissue of this yuinea-pig.

Jtih/ ti 12-30
J),

m.—Injected subcutaneously 1 cubic centimetre culture from

heart of guinea-pifr 1-27 (see above). Died July 7, at 2:30 p. m. Same subcuta-

neous <edema and bloody extravasation ; liver rather light in color; uterus intensely

congested, escape of bloody fluid from vagina.

J^it/.)/ 16, 7 ft. m.—Injected subcutaneously into guinea-pig 151, 2 minims of mate-

rial from' intestine, case 28, black viscid mucus, acid reaction. Animal recovered
;

abscess at point of inoculation and in middle of belly.

Jitii/ 29, 8 J),
m.—Injected subcutaneously into guinea-pig 168,3 minims material

from intestine, case 29, viscid mncns, not black, acid (slide 1367). Died at 1 p. m.,

Jnly 30. Extensive ooUection of bloody serum in subcutaneous tissues and soften-

ing of muscles of abdomen. Bacillus N present.

July 30, 3:1.5 p. m.—Injected subcutaneously into guinea-pig 169, 3 minims ofbloody

serum from cellular tissue of guinea-pig lOB. Died at 5 p. m., July 31. Extensive

subcutaneous effusion of bloody serum, separation of skin from abdominal walls,

and softening of -abdominal muscles. Spleen normal, liver rather light in color,

contains a few bacilli. Various bacilli in serum from cellular tissue (slide 1372).

July 'SO, 3:30 j). m.—Injected subcutaneously into rabbit 136, 10 minims bloody

serum from guinea-pig 168 (bacillus N, etc.). Animal found dead at 5 a. m., July 31.

July^l,\) a. 7)1.— Injected subcutaneously into guinea-pig 171, 3 minims bloody

serum from cellular tissue of gninea-pig 16!). Died at 9 p. in. the same day. Exten-

sive subcutaneous ccdema, small intestine contains a bloody fluid. Bacillus N in

effused bloody serum (slide 1376).

July 31, 10:30 J).
7(1.—Injected subcutaneously into guinea-pig 173, 3 minims of

bloody serum from cellular tissue of guinea-pig 171. Died at 10 a. m., August 1. Ex-
len.sive separation of skin and softening of subcutaneous tissues, with some bloody

effusion. Small intestine hypenr.mic and contains a bloody fluid, liver rather soft,

gall bladder empty, spleen uormal.

August 1,12 m.—Injected subcutaneously into guinea-pig 174, 3 minims hloody
serum from cellular tissue of guinea-pig 173. Found dead at 6 a. m. next day.
Usual extensive subcutaneous cedema containing bacillus N and other bacilli, spleen
large, stomach hyperiemic.

Ji/z/Hstl, 12 vi.—Injected subcutuneously into gninoa-pig 175, 4 minims bloody
fluid from inlestine of gninea-pig 173. Died at 8 a. in., August 2. Extensive soften-
ing of tissues and subcutaneous uidema, intense hypertemia of small intestine, spleen
slightly enlarged, liver normal in appearance. Bacillus N in effused bloody serum.
August 9, 10 p. 7)1.—Injected subcutaneously into gninea-pig 18, 2 minims from in-

testine of case 30 ; viscid mucns, dark in color, slightly acid. Died at 5 p. m. Au"-ust
10. Extensive subcutaneous fcdeina containing bacillus N, slide 1413. Spleen some-
what enlarged, liver normal. Bacillus x in anaiirobic culture from effused serum in
cellular tissue.

August 10, .5:30 p. 7)i.—Injected subcutaneously into guinea-pig 189, 2 minims of
bloody serum from cellular tissue of guinea-pig 182. Died at 3 p. m., August 11,
Very extensive subcutaneous cedema, with separation of skin and softeliino- of
muscles.

"

August 11, 3 ji.wt.—Injected subcutaneously into rabbit 162, 5 minims bloody serum
from cellular tissue of guinea-i)ig 184; contains bacillus N, etc. Died at 10:30 a m
August 15. Akscoss in middle of belly, liver dark in color, spleen normal. Liver kept
48 hwnrs in antiseptic wrapi)ing contains bacillus N and other bacilli.
August 10,11:30 a. 7)i.— Injected subcutai'cously into guinca-i)ig 183 2 minims

viscid mucus of a brown color and sightly acid reaction from intestine 'of case 31
Dead at 6 a. m., August 13. Extensive subcutaneous .edema. Cultures in .relatiu
from effused serum contain colon bacillus.

"

August 12, 3 J). ))l-Injected subcutaneously into guiuoa-pig 187, 3 minims material
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iVoiu iiito8tino of case :$2, bhick color, ulkuliiio reaction. Aiumiil Im.l an aljHceBS ia
iiiitldld of l)clly, bill recovtM'ed.

Aiti/ust VA, l-2::50j). m.—JujucU'd subciitiiiinoiisly into guinwi-iii;; 188,2 iniiiinjs of
viscid, black material from intestine case yO. Contains bacillus N. Died at IhlW,
August 14. Very extensive subcutaneous oedema witl\ softening of abdominal
muscles and separation of skin from abdominal walls. Usual odor.

llEMARK
:
An otteiisivo odor is given off from the necrosed tissues

when the abdominal poncli containing- bloody serum is opened. The
extent of the disorganization of tissue which occurs, often in less than
IS hours, is surprising, and is evidence of the great virulence of this

material from the intestine.

August 15, 2 p. Injected snbcutaueonsly into rabbit 172, 2 minims material from
intestine of case 35 (alkaline). Dead at (J a. m. next day. Liver dark in color,

contains a few bacilli and numerous stained masses (?), slide 1438. No subcutaneous
ojdema. Spleen normal ; bacillus x obtained in cultures from liver.

August 19, 7:30.—Injected subcutaneously into guiuea-pig 192, 2 minims material

from intestine case 36 (acid.) Animal found dead at 6 a. m. next day. The usual

subcutaneous cedema, with separation of skin and softening of abdominal muscles.

August 21, 10:30 p. m.—Injected subcutaneously into guinea-pig 195, 3 minims vis-

cid T)lack material from intestine case 37. Animal found dead at f5 a. m., August 23.

Extensive subcutaneous cedema ; contains bacillus N. Softening of muscles and sep-

aration of skin, liver ratlier soft, small intestine contains a bloody fluid. Culture

from liver contains bacillus x.

Augusl,2l, 2j;. m.—Injected subcutaneously into guinea-pig 196, 2 minims viscid

material, not black, from intestine case 38 (acid reaction). Animal dead at 6 a. ra.,

August 24. Subcwtaneous o'dema not as pronounced as usual, liver rather light in

color, spleen enlarged.

MATERIAL FROM THE INTESTINE DOBS NOT ALWAYS KILL GUINEA
PIGS AND RABBITS.

June 29, 1 p. t>i.—Injected subcutaneously into guinea-pig 125, 2 minims of material

from intestine of case 25. Result negative.

August 19, 7:30 j>. m.—Injected subcutaneously into rabbit 177, 3 minims material

from intestine ofcase 36 (acid). Result negative.

MATERIAL FROM THE LIVER AND INTESTINE KEPT IN THE COLLECT-

ING BULB FOR TWO WEEKS OR MORE LOSES ITS VIRULENCE.

May 28, 4 p. m.—Injected subcutaneously into guinea pig 05, 2 minims of material

from intestine case 17, kept in laboratory for 16 days (alkaline reaction). Result

negative.

May 29, 2:30 p. w.—Injected subcutaneously into guiuea-pig 67, 2 minims of ma-

terial from intestine case 15, kept in laboratory for 1 mouth (alkaline reaction). Re-

sult negative.

May 30. 3j>. m.—Injected subcutaneously into guinea-pig 69, 2 minims of bloody

fluid from collecting bulb containing material from liver case 18, iu laboratory 2

weeks. Result negative.

.Uai/ 30, 3 J).
m.—Injoctod subcutaneously into guinea-pig 70, 2 minima matorial

from intestine case 18, kei)t in laboratory 2 weeks, and now decidedly alkaline. Re-

sult negative.
COMPARATIVE EXPERIMENTS.

June G, 10 a. m.—Injected Hubcntaneously into gniue.a-pig 86, 5 minims material

from small intestine, case of heart disease (con)pa.rati ve autoj.sy No. 7): fluid has a

yellow color and slightly acid reaction. Aninuil found dead next day at (. a. m.

Subcutaneous federna.



ETIOLOGY AND TREVENTION OF YELLOW FEVER. 135

June S 1-2 »»i.-Ii.jectea siibciitiuiconaly into -niu6ii-pi« D^, 3 ..liiiiuis bloody senuu

IVoMi couuoctivo tissue of guinea pig 8G. Animal <lic.l June 11 at 10 u. xn. No sub-

cutaneous ..Hlonia, abscess in niidcUo of belly, uo niicrooi-anisnis ironi liver, ab-

dominal viscera normal.

This eiuled the series, and I have not made further comparative ex-

])eriineiits with material from this source. The virulence in the above

experiments was decidedly less than in those in which material from

the intestine of yellow-fever patients has been injected, inasmuch as the

second animal in the series lived for 3 days, and instead of a malig-

nant and rapidly fatal ojdema, an abscess was formed in the walls of

the abdomen.

It will be seen from the experiments quoted that the virulence of

material from the small intestine of yellow-fever cadavers is even

greater than is that of liver kept 48 hours in an antiseptic wrapping.

The microorganisms encountered in the animals killed by such injec-

tions are the same in both cases, a fact which gives support to the in-

ference that the bacilli found in the liver came originally from the in-

testine. And as the virulence in liver tissue is only developed after the

development of these microorganisms in large numbers has occurred, we

conclude that it depends upon their presence. The loss of virulence

in material from the intestine kept for some time shows that virulence

is not due to ordinary putrefactive organisms, but is destroyed by the

putrefactive alkaline fermentation which occurs. Most of the micro-

oigauisms which I have isolated from this virulent material grow freely

in an acid medium, and some of them produce an acid reaction in cul-

ture media containing glycerine or sugar. My experiments indicate

that the large anaerobic bacillus N is chiefly concerned in the produc-

tion of the extensive inflammatory cedema resulting from the subcuta-

neous inoculation of material containing it, and death is no doubt duo
to this local intlammation rather than to the invasion of the blood by
other bacilli associated with this strictly anaerobic bacillus, which is

not found in blood fi'om the general circulation or in the parenchyma
of the liver and spleen. The bacilli recovered from the blood have been
various, but as a rule they have not been numerous. Those found most
frequently are facultative anaiirobic bacilli, and among them my bacil-

lus a and bacillus x have been the most constant. Bacillus xx, which
is very pathogenic for guinea pigs, was obtained in a series of animals,
starting from guinea pig No. 102, inoculated with material from the in-

testine of case ^-i. But this bacillus, in pure cultures, does not pro-
duce the intense iutlammatory otidema which results from the injection
of a little material from the intestine. The same is true as regards all

the rest in the list, with the exception of bacillus N; and my injections
of cultures containing this, although they have commonly caused the
death ofthe animal from the local inflammatory (edema, havenotprovcd
these culture to be as intensely virulent as is the material from the in-
testine or from liver which has been kei)t for 48 hours in an antisep.
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tic wrappiug. When associated with bacillius x the, cultures have,

however, shown very great virulence, as in the following experiments:

AiKjunl Vi, 1:15 j;. 7)i.—Inject nd HubciitimcouHly into guinca-i)i<i; 18G, f) mininiR of an
anaerobic culturo of bacillus N in glycerine agar (contains also l)aci]lus x), animal
dying at 1 p. m. next day ; killed. Very extensive subcntaneons (I'denia, witli sep-

aration oftlioskin and softening of abdominal muscles; odor like that in animals

killed directly by injection of luateiiiil from intestine. IJacillus N in bloody serum
from connective tissue ; liver rather light in color.

August 12, 2 p. m.—Injected subcntaneonsly into rabbit 168, 4 minims of anaiirobic

culture in glycerine agar of bacillus N; contains also bacillus a; (culture from liver

of case W). Animal died at 7 a. ni., August 15. Extensive subcutaneous oedema

containing bacillus N and bacillus x. Abdominal viscera normal in appearance.

Note.—Bacillus a; alone does not kill guinea-pigs or rabbits when injected sub-

cntaneonsly. This is shown by the following experiment

:

June 13, 4 j).m.—Injected subcntaneonsly into guinea-])ig 104, one-half cubic centi-

metre anaerobic culture of bacillus x in glycerine agar. Result negative.

Additional experiments with cultures of these bacilli will be given

in connection with the systematic account of the various microorgan-

isms isolated from yellow-fever cadavers.

V.-HXAMINATION OF TISSUES PRESERVED IN ALCOHOL

In all infections diseases which have been proved to be due to the

presence of a parasitic microorganism in the blood, this organism may

be demonstrated in properly stained thin sections of the tissues. In

such sections we often obtain cross sections of small blood vessels in

which the blood corpuscles are in situ, and in which a stained micro-

organism, if present, would be very apparent. We also have a satis-

factory view of the contents of the capillary vessels of the liver, kidney,

brain, etc., in well-prepared sections of these organs. Pathologists,

therefore, look npon a careful researcli, by the methods which have

been perfected with this object in view, as of prime importance in any

attempt to prove whether a given infectious disease depends upon the

presence in the blood of a specific microorganism. Moreover, in cer-

tain infectious diseases in which a parasitic microorganism has been

proved to be the essential etiological factor this organism is not found,

as a rule, in the general blood cu-rrent, but is present in the tissues

especially implicated in the morbid process ;
e. g., in typhoid fever in

the spleen and intestinal glands; in tuberculosis, in the tubercular

nodules in the lungs and elsewhere. Failure to find a parasitic organ-

ism in blood drawn from the finger is therefore not satisfactory evi-

dence of the absence of a specific germ irom the tissues of the organs

involved.
. , ^ <-i

ARin yellow fever the liver and kidneys give evidence of patholog-

ical changes resulting from this disease. I have naturally given spe-

cial attention to these organs in the researches I have made.

The Havana commission in 1879 made numerous sections of mate-

rial preserved in alcohol fron, eighteen cases, and a careful examina-
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tioM Of these sections failed to reveal the ,)resence of any microorsau-

isins; but as more satisfactory methods of staining have since been

devised, I have not considered the work done at that time as conclusive

in this regard.

I therefore wrote to my friend Dr. Daniel M. Jkirgess, of Havana,

sometime diir.ng the summer of 1884, requesting him to obtain for me

small pieces of liver, kidney, and stomach from one or more typical

cases of yellow fever. I made it an essential condition that the autop-

sies should be made within an hour, or, at tlie outside, 2 hours after

death, so that there might be no question of post-monem changes.

Small pieces of the organs named were to be put at once into a largo

quantity of strong alcohol. In compliance with my request. Dr. Burgess

obtained and forweirded to me material from two cases, which reached

me in good condition, and, upon microscopic examination, the liver and

kidneys showed the pathological changes constantly found in the dis-

ease in question. During the winter of 1884 I mounted numerous thin

sections from this material, stained with various aniliiie colors. In

none of them did I finil any microorganisms, except upon the surface

of the mucous membrane iu sections of the stomach, where various

organisms—bacilli and micrococci—were to be seen in properly stained

sections. Tiiese were, however, only upon the surface, attached to the

epithelium, or mingled with a granular debris adhering to the surface

of the mucous membrane. In the autumn of 1885, during a visit to

Dr. Koch's laboratory in Berlin, I had an opportunity to avail myself

of the suggestions and valuable assistance of the master in bacteriology,

and again studied the material which Dr. Burgess had sent me from

Havana by the various methods of staining considered to be most

nseful in such a research. At the request of Dr. Koch I was assisted

in this research by Dr. Carl Seitz, who was at the time engaged upon

his studies of the typhoid bacillus, and was an expert in staining and

mounting thin sections of the tissues. Dr. Reitz and myself examined

numerous sections of liver and kidne^^ stained by various methods with

an entirely negative result, so far as the presence of microorganisms

was concerned. After my return to Baltimore, in 1880, 1 again made
numerous sections from the same material, and stained them with Loef-

tler's alkaline solution of methylene blue, which we had also used in

Dr. Koch's laboratory, and with other aniline colors, but without any
better success.

Desiring to repeat these researches upon fresh material, I wrote to

my friend Dr. Burgess, during my stay in Rio (June and July, 1887),

requesting him again to collect pathological material for me from at

least four cases of yellow fever, so that after my return to l^altimore I

might continue these investigations. As before, this material was to

be obtained as soon as possible after death, and to be put at once in

strong alcohol. About the 1st of December I received from Dr. Bur-
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gess llio ilesii'oa material iu good cuiMlitioii, togetlier with the follow-
ing letter

:

_^ ^ Havana, iVoi.ew/^er 19, 1887.My DiCAR DocTOU: I send you, per Dr. Sporo, of CU,, of IVashhu/lou, which Hails
to-(lii.Y,.ono box of pfiM...Ion;ici,,I spw.imons. " * * You cau rely implicitly upou
tho.spociiuous haviu^j boou taUou from woll-(lian;uosticatc(l yellow-fever cases, at
the time post-mortem stated ou the bottles. All had, besides the proper temiu'ra-
ture curve, irritable stomach, black vomit, highly albuminous uriue, eventually iu
most cases suppression of uriue, etc. I saw them repeatedly.

The bottles were marked as follows

:

Case iVo. 1.—Sick from August 14 to 19, 1887. Autopsy 1 hour after death.
Case No. 2.—Died September 23, 1887, at 4:30 a. m. Autopsy 2i hours after death.
Case No. 3.—Died October 5, 1887, 2:30 a. ui. Autopsy 15 niiuutcs after death.
Case No. 4.—Died October 26, 1887, .^):30 a. m. Autopsy 7 o'clock a. m., body still

warm (temperature 40^^ C).

From the above-described material I have had made a large number
of very thin sections, which I have studied by various methods of stain-

ing and with objectives of high power, the oiie-eighteenth and one-

twelfth inch horn. ol. im. of Zeiss. I have used especially the alkaline

solution of methylene blue of Loefder ; Gram's well-known method, with
methyl violet, followed by iodine solution and decolorization with al-

cohol; the method of Weigert, which is the same as Gram's up to the

point of removing the sections from the iodine solution, when they are

decolorized and dehydrated with a mixture of two parts of aniline oil to

one part of xylol. I have been especially pleased with the last-men-

tioned method, which gives flue views of the tissue elements and any

microorganisms which may be i^resent. I also stained numerous sec-

tions with fuchsiu in solution with carbolic acid (5 per cent.), or with

aniline oil (tubercle stain), and with various other aniline colors.

I think I am safe in asserting that all known i)athogenic microorgan-

isms may be stained by one or more of the methods above referred to.

Indeed, the alkaline solution of methylene blue is, so far as 1 know, an

agent which stains all organisms of this class, although there are dif-

ferences as to the rapidity with which they stain and the tenacity with

which they retain the color imparted to them.

The result of this research has again been negative so far as the

general presence of any particular microorganism in the material exam-

ined is concerned. But in one case (No. iv) I found in the kidney a

minute bacillus, which apparently invaded by preference the glomeruli.

It was not found in the capillaries generally, but a certain number of

foci were found, some small, as shown in Fig. G, and involving oidy a

portion of a glomerulus, others involving a whole glomerulus and the

tissues immediately surrounding it. The appearance was such as one

would expect to see in a case in which solitary bacilli, carried in the

' hrst place by the blood current, had elfected a lodgment and ostab-

li.shed a center of infection in tissues already, perhaps, necrotic, and

through which the circulation had ceased. The latter supposition seems

to be justihed by the fiict that there were comparatively few of these
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i„.i Whereas if tl.cv luul l.ee.. csfcal.li.sl.«l while the cirenUtion was

I ulin'- ou we wonhl oxpeet to Unci uumerous secondary oc, a.,d a

ce aiu uu,uberot bacilli i.. the Meighbo.inR capillary vessels More-

overtbere was no evidei.ee of inflammatory reacfon as a result otth.s

"n^iou of the tissues by parasitic organisms. I am therefore, of he

In^on that this is son.e ordinary saprophyte wh.ch h^a^a^tea ..

M.„>ent in the kidney, possibly during the last hours of hfe when he

vit.d resistance of the tissues was slight, or when, as a result of the

blood stasis in the organ, local necrosis had already occurred at certain

points before death.

Fig. 6.—Collection of straight bacilli iu glomorulns, yellow fever kidney. Material from Havana.

It is quite probable that diiriug the last lionrs of life a certain num-

ber of microorgauisms from tbe intestine succeed in passing through

the enfeebled tissues to the interior of the capillaries, and are carried

away by the already slowly moving blood stream to distant organs,

where they may establish centers of growth even before death occurs,

or are at least in position to take possession of the field as soon as the

vital spark has been extinguished. In the case in question I believe

that the true exx)lanatjon of the presence of the organisms described is

that suggested, for I have not found in the other cases examined any

similar collection of bacilli, and can not therefore attach any importance

to the observation so far as the etiology of yellow fever is concerned.

In Berlin I fell upon a little group of minute, slender bacilli, in a capil-

lary of the liver, and recently I have found a similar group in a pre-

paration of skin from a yellow fever ])atieiit. T have also in the course

of my oxteiuled observations seen two or tliree groups of micrococci, or

of what appeared to be micrococci. But I attach no importance to such
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obsci vjit ioii.s. l^videiitly any or^ranism coiiceniod in the etiology of an
infectious (lisea,se nUouUI be found not occasionally and in certain cases
only, biicif seen at all by the stainiii- jnetliods adopted it should be
found distributed through the organs involved in suilicient numbers to
leave no doubt as to its presence, not as an accident, but as a general
and constant thing in all cases of the disease under investigation. ^
The bacillus above described, present in a single case, is, then, the

only luicroiirganisin found in the material obtained in Havana in 1887
so far as the liver and kidney is concerned. In my stained sections of
stomach and intestine I have observed various microorganisms, upon
the surface of the mucous membrane, but extended researches have
failed to show that any one of these organisms invades the living tissues
of the alimentary canal.

The material preserved in alcohol at my autopsies made in Havana
in 1888 and 1880 has also been carefully studied by myself and by my
labovatory assistants. The results correspond with those obtained by
the culture methods employed in the same cases. In those eases in lohich

my cultures gave a positive result I have, as a rule, found the same micro-

organisms in thin sections of the same material—liver, spleen, kidney

—

])reserved in alcohol.

Thus the sections from case 9 (1888) contain numerous bacilli which
correspond in their morphology with the colon bacillus which was ob-

tained in my cultures from the blood, liver, and kidney of the same case.

The same is true of case 20. In case 14 and in case 33, in which my ba-

cillus N was present in smear preparations from the fresh liver tissue, it

is also ijiesent, as was to have been exi^ected, in thin sections of the

liver preserved in alcohol. In short, while the general result has been

negative, various bacilli have been found in certain cases, and in one case

(No. 10) groups of micrococci are present in thin sections of Ihe kidney.

In order that this i)art of the work might be as thorough as possible

and free from the reproach of personal bias or imperfect technique, I

have had a series of sections made from twenty-five of my Havana au-

topsies by my friend Dr. James E. Eeeves, of Chattanooga, Tenu., and

have placed them beside my own sections and those made under my
direction by ray laboratory assistant, Dr. Emilio Martinez. These slides

will be transmitted with my report for permanent preservation in the

Army Medical Museum.
Further, I have submitted this entire series of slides to Dr. William

T. Councilman, of the Johns Hopkins University, for careful study, and

give below his report upon the results of his examinations:

I was requested by Dr. Sternberg to examine tbe niaterial wbicli be bad c(dlected

from a large iniinber of cases of yellow fever. This niaterial was collected in Havana

and iu tbe 8ontli in tbe epidemio of 1888. Sections wliicb bad been made by Dr.

Eeeves in Cbattanooga, and under Dr. Sternberg's direction at the .lobus Hopkins

University, were carefully examined, and, iu addition, tbe material from tbirty

antopsi.'.s was given me by Dr. Sternberg and further investigated at the pathologieal

laboratory of tbo Johns Hopkins Hospital. Most of this material was obtained from
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fresh aiitopsios 2 to 12 hours aftor death a.ul was liardouod in alcohol, ouly three of

the cases examined wore hardened in Mailer's lliiid.
, . , ^ „<.

One hundred and thirfcv sections were examined, among them throe which Dr. Storn-

hor- had obtained from Dr. Freire iu Brazil. These sections were stained with methy-

lene bine, gentian violet, Bismarck brown, and with the Gram and Weigcrt methods.

The sections which were given Dr. Sternberg by Dr. Freire in Brazil were stamed

red, probably with fnchsin. Of these specimens it is not necessary to say much. It

was most impossible to say from what tissue they were made, and to have recognized

any organisms in the precipitate of staining llnid and otlier debris would have been

impossTble. The sections made by Dr. Reeves and those under Dr. Sternberg's direc-

tion were iu general good, particuhirly the latter. It is probable that these sectioLs

show clearly all the bacteria which are contained in the tissues, for other more compli-

cated metin)dsof staining gave thosamo results as to bacteria. All of the bacteria found

were stained witii the siwiplest methods. Bacteria of some sort were found iu 28 of

the 130 sectious examined ; of these 18 were sections of the liver, 8 of the kidney, and

1 each of stomach and lymph gland. There was nothing in their form or relation

to the tissue that would lead one to suppose that their presence was other than acci-

dental. In no case could any connection be shown between their presence and the

essential lesions of the disease. There were both micrococci and bacilli, in some

cases arranged in groups, in others they were single or in indefinite masses. In no

case was their any lesion in the surrounding tissue which could bo attributed to

their presence. Among the bacilli were some which agreed in form with the colon

bacillus.

The micrococci were iu the form of the well-known emboli, aud were found in the

blood vessels of the liver aud kidneys ; in the latter generally iu the glomornli. In

but one case were bacilli found in the tubules of the kiduey.

Five sections of stomach were examined, but nothing characteristic found iu these.

In one of these sections there was some evidence of gastritis shown, by the presence

of leucocytes in and between the epithelial cells, and below the epithelium some
small cell infiltration. The epithelium was iu general well preserved.

The sectious of intestine, spleen, and lymphatic glands were perfectly normal. In
one of the sections of lymphatic glands there were numerous masses of short bacilli,

which were also found in the other organs from the same case. (Case 9.)

The followins: is a list of the slides which I propose to trausmit with
this report. The result of Dr. Oouucil man's careful exaraiuation for

bacteria will be given in parentheses in every case where this result
•was positive. No remark is made when the result was negative.

Wlien no remark is made with reference to the method of staining
employed, it will be understood that LoefHer's alkaline solution of
methylene blue was the staining agent.

No. 1. Kidney of guinea-pig which died July 23, 18S7. Mounted by Dr. Domingos
Freire in his laboratory, aud said by him to coutain his yellow-fever
microbe.

2. Section of kidney of guinea-pig killed on the IGth of July, 1887. Mounted by
Dr. Freire, and said by him to contain his micrococcus.

3. Liver of guinea-pig which died July 23, 1887. Mouuted by Dr. Freire, and
said by him to contain his micrococcus.
Note.—These slides are the only ones given to mo by Dr. Freire, and

are placed in this series for permanent preservation and as evidence of
his microscopical techni(iuo.

4. Section of yellow fever kidney, made in the laboratory of Dr. Lacerda, iu Rio
de Janeiro, by Dr. Araiijo Goes. Contains the bacillus of Lacerda and
Babes.
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r>. Y'ollow l\'\'i'A- kidiioy. Bismiu'k brown stainiHi;; «ocLiuu luiidc by Dr. Sterii-

hov'^ ill

li. Yi'llow fovtsr kidney; mi'thyloiio blue stfiiiiiaj>. yectiou mado by Dr. Stcrn-
biM-fT ill lSd4. iSiiDWH iiiiiiioroiis pliiKiiiii ccll.s.

7. Blood of yellow levor cii«c in Misericordia Hospital, Rio do Janeiro, 1HS7,

Fourth day ol" BiokueKS
;
kept in capillary tube lor f) d i.\ s and tlien (stained

with fnchsin by Dr. Sternberg.

!;. Blood of yellow fuvor patient in sinall-i»ox lio.spital, Rio de Janeiro, lHri7.

Third day of sickness; stained with fiiehsin by Sternberg.

D. Blood IVoin same case as No. 8. stained with osinic acid and fnchsin.

10. lilood from yellow fever case in Misericordia Hospitsil, Hit) de Jiuieim, 1887.

Fourth day of sickness. Collected and stained by Dr. Sternberg.

11. Blood of cu.se of yellow fever in smaU-pox hospital Rio de Jiineiro, 1687.

Third day of sick ness; collected and stained by Dr. Stciriiberg.

12. Yellow fever liver; section made in Dr. Lacerda's laboratory, June 21), 1887,

by Dr. Araiijo Goes; stained with methylene blue by Dr. Sternberg to

show the bacillus of Lacerda and Babes. (" Bacilli" C.)

13. Y'ellow fever blood collected by Dr. Sternberg in Havana iu 1870. Showing
crystals of Inematin.

14. Slide from Dr. (^armona's laboratory iu the City of Mexico. Stained and

mounted by Dr. A. Gavino. Showing bacilli obtained by cultivation from

yellow lever uriue.

15. Yellow fever blood collected and dried on slide in Rio de Janeiro. Stained

with eosin. Showing eosiu " philino grannies."

IG. Sections of intestine, case 3,1887. Stained by Gram's method. Numerous

amorphous stained masses in intestinal mucus (?.)

17. Sections of stomach, case 1, 1887. Stained with carbol fuchsin.

18. Sections of stomach, case 1, 1887. Stained with methylene blue. ("A few-

bacteria scattered over the surface" C.)

19. Sections of stomach, case 4, 1887. Staiued by VVeigert's method.

20. Sections of stomach, case 3, 1887. Stained by Gram's method.

21. Sections of stomach, case 4, 1887. Stained by Weigert's method.

22. Section of stomach, case 2, 1887. Stained w^ith methylene blue.

23. Liver, case 1, 1887. Stained with Loefller's solution of methylene blue.

("Bacilli" C.)

24. Kidney, case 1, 1887.

25. Kidney, case 1, 1887. Weigert's method.

26. Kidney, case 2, 1887.

27. Liver, case 2, 1887.

28. Liver, case 2, 1887. Aniline fuchsin.

29. Kidney, case 2, 1887. Carbol fuchsin.

30. Kidney, case 3, 1887. Aniline fuchsin.

31. Kidney, case 3, 1887,

32. Kidney, case 3, 1887. ("Bacilli in epithelinm" C.)

33. Liver, case 3, 1887.

34. Liver, case 4, 1837.

35. Kidney, case 4, 1887.

36. Kidney, case 4, 1887.

37. Kidney, case 4, 1887. Aniline fuchsin.

38. Spleen, case 2, 1887.

39. Liver, case 2, 1887. ("Loucocytic invasion and bacteria" C.)

40. Kidney, case 2, 1887.

41. Liver, case 3, 1887.

42. Liver, case 3, 1887.

43. Liver, case 3, 1887.
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No. 44. Iiitosfmo, case 'i, 1887.

45. Stoiiiiicli, case lHrf7.

4(>. Kidney, ease 4, 1H67.

47. KiiUiOY, case 1, 1888.

48. Liver, case 1, 1883.

4'J. Kiiliicy, case 1, 1688.

50. S|)leoii, case 2, 1888.

5L Kidney, case 2, 18S8.

5-2. Kidney, case 2, 1888.

5:5. Liver, case 3j 1888.

.'')4. Kidney, case 3, 1888.
^

55. Kidney, case 3, L-^SS.

56. Liver, case 3, 18d8.

57. Kidney, case 4, 188S.

58. Liver, case 4, 1888. ("Sbow!: bcauLifiil innammation, bacilli," C.)

59. Liver, case 4, 1888.

GO. Kidney, case 4, 1888.

til. Liver, case 9, 1888.

62. Kidney, case 9, 1888.

03. Liver, case 9, 1888.

64. Kidney, case 9, 1888. (" Bacilli," C.)

65. Mesenteric {;land, case 9, 1888. ("Baeilli," C.) — '

RuMAUKS.—In case 9, 1888, 1 ob':aired tlie colon b.icillns in niy cnltnros

from Uie blood, liver, and kidney. Tbe bacilli present in stained sections

coirespond with this bacillus in tlieir nioriilioloj^y, and are uo donbb tbe

same, i. e., tbe bacterium coU commune of Eschericb.

66. Kidney, case 10, 18-8. ("Micrococci in \essels," C.)

67. Kidney, case 10, 1-88.

08. Kidney, case 10, 1888. ("Cocci in vessels and glomeruli," C.)

llKMAUKS.—Case 10, 1888, is tlie only one in tbe whole scries in which
micrococci have been present in any considerable nnnibcr. In this case

they occur in Ihe capillaries of the kidney, in the form of " emboli " of con-

siderable size.

09. Liver, case 10, 1888.

70. Kidney, case 1, 1889.

71. Spleen, case 1, 1889. ("Short bacilli," C.)

72. Liver, case 1, 1889. (" iSacilli, short and thick," C.)

Kkmauks.—The bacill ns in this c;ise is my bacillus N, which was foTind

in smear preparations fiom (he fresh liver and spleen, and obtained in

anaerobic cultures from the sum-j case.

73. Kidney, case 1, 1889.

74. Liver, case 1, 1889.

757 Mesenteric ghmd, case 1, 1889.

7G. Kidney, case 2, 1889.

77. Liver, case 2, 1889.

78. Kidney, case 2, 1889.

79. Liver, case 2, 1889.

80. Liver, case 3, lt-89.

81. Kidney, case 3, 1889.

82. Liver, case 3, 1889.

• 83. Kidney, case 4, 1889.

84. Liver, case 4, 18S',>.

85. Kidney, case 4, 1889.

8!). Liver, case 4, 1889.

87. Liver, ease 5, 1889. (".Sliort bricilli iu small numbers in capillaries, in pairs
and iu short ebains," C.)
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No. HS. Kidnoy, case 5, IbS'J. (-I,, vessels and glomeruli, sbort bacilli iu paireand
groups," C.)

89. Liver, case 5, 1889. ("Bacilli," C.)
90. Kidney, case .^), 1889. ("Bacilli," C.)

KiCMARKS.—Dr. Couucilniau's notes show that lie found bacilli in all of
the sections from this case. Turning to n.y notes relating to the examina-
tion of fresh material from the same case I iiud the following, "Case 18"
(No. 5 of 1889)

:
" Sick 5 days

;
autopsy 2 hours after death. Direct exami-

nation of blood negative
; of liver a lew small oval bacilli in pairs. Aerobic

gelatine Esmarch tube from blood contains a few celonies of bacillus a.
Anaiirobic agar Esmarch tube from blood contains numeronp colonies of
bacillus (I, and of a short bacillus in chains. Anaiirobic agar Esmarch
tube from kidnoy contains numerous colonies bacillus w, the same from
liver."

91. Liver, case 7, 1889.

92. Liver, case 8, 1889. ( " Small groups of short bacilli, and in one place micro-
cocci in pairs." C.)

KiCMARKS.—Iu this case my bacillus N was obtained iu anaerobic cul-

tures from the liver, and this is the bacillus present iu the section ex-
amiued by Dr. Councilman.

93. Liver, case 11, 1889.

94. Liver, case 11, 1889.

95. Kidney, case 11, 1889.

96. Kiudey, case 11, 1889.

97. Liver, case 14, 1889.

98. Liver, case 14, 1889.

99. Liver, case 14, 1889. ("Bacilli, short and thick in capilla ies," C.)

100. Liver, case 16, 1889. (" Same as 90," C.)

Remarks.— In this case my notes show that numerous bacilli were
found in a smear preparation from the fresh liver tissue, and that both

bacillus a and bacillus x were obtained in my cultures from fresh liver

tissue.

101. Liver, case 17, 1689.

102. Liver, case 17, 1839. ("A few long slender single bacilli, and groups of

short bacilli in capillaries," C.)

Remarks.—My cultures from the liver of this case gave the following

result: "Aerobic cultures from liver contain both bacillus a and bacillus

X. Anaerobic cultures from liver bacillus N and bacillus O."

103. Liver, case 18, 1889.

104. Liver, case 18, 1889. ("One group of rather large organisms," C.)

105. Liver, case 19, 1889.

106. Liver, case 19, 1889.

107. Liver, case '20, 1889. (" Short bacilli in groups." C.)

108. Liver, case 20, 1889. (" Bacilli in groups." C.)

Remarks.— In this case my bacillus N svas present in a smear prepara-

tion from the fresh liver tissue, and "numerous colonics of bacillus a were

obtained in gelatine Esmarch tubes from the liver."

109. Liver, case 21, 1889.

110. Liver, case 21, 1889.

111. Liver, case 22, 1869.

112. Liver, case 22, 1889.

113. Liver, case 24, 1889.

114. Liver, case 24, 1889.

115. Liver, case 25, 1889.
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116. Liver, case 25, 1889.

117. Liver, case 26, 1889.

118. Liver, case 27, 1889.

119. Liver, case 28, 1889,

120. Liver, case 29, 1889.

121. Kidney from Dr. Lacerdo's laboratory, containing bacillus of Babes and La-

cerdo. (" Large numbers of short bacilli in chains," C.)

SMEAR rilEI'ARATIONS.

122. Kidney kept 48 hours in an antiseptic wrapping. Case 1, Havana, 1888.

123. Liver kept 48 hours in an antiseptic wrapping. Case 8, Havana, 1889-

124. Liver kept 48 hours in an antiseptic wrapping. Case 13, Havana, 1889.

12r). Liver kept 48 hours in an antiseptic wrapping. Case 29, Havana, 1889.

126. Liver, case 1, Havana, 1888; kept for 48 hours in antiseptic wrapping.

127. Liver, case 2, Decatur, 1888; kept for 48 hours in antiseptic wrapping.

128. Liver, c i.se 10, Havnna, 1888
;
kept for 48 hours in antiseptic wrapping.

129. Liver, case 1, Havana, 1889; kept for 48 hours in antiseptic wrapjiing,

130. Liver, case 4, Havana, 1889 ;
kept for 48 hours in antiseptic wrapping.

131. Liver, case 7, Havana, 1889 ;
kept for 48 hours in antiseptic wrapping.

132. Liver, case 14, Havana, 1889
;
kept for 48 hours in antiseptic wrajipiug.

133. Liver, case 21, Havana, 1889 ;
kej)t for 48 hours in antiseptic wrapping.

134. Liver, case 29, Havana, 1889
;
kept for 48 hours in antiseptic wrapping,

13.5. Contents of intestine, case 1, Havana, 1888.

136. Contents of intestine, case 2, Decatur, 1888.

137. Contents of intestine, case 3, Decatur, 1888,

138. Contents of intestine, case 1, Decatur, 1888,

139. Contents of intestine, case 2, Decatur, 1888.

140. Feces, case 1, Decatur, 1888, 48 hours sick.

141. Feces, case 2, Decatur, 60 hours sick.

142. Feces, case 5, Decatur, 36 hours sick.

143. Feces, case 6, Decatur, 48 hours sick.

144. Feces, case 7, Decatur, 4 hours sick.

145. Feces, case 8, Decatur, 24 hours sick.

146. Feces, case 9, Decatur, 24 hours sick.

147. Contents of intestine, case 4, Havana, 1889.
148. Contents of intestine, case 5, Havana, 1889,
149. Contents of intestine, case 9, Havana, 1889.
150. Contents of intestine, case 11, Havana, 1889,
151. Contents of intestine, case 8, Havana, 1889,
152. Contents of iuteetine, case 15, Havana, 1889.
153. Contents of intestine, case 22, Havana, 1889.
154. Contents of stomach, case 2, Havana, 1889.
155. Contents of stomach, case 4, Plavana, 1889,
156. Contents of stomach, case 9, Havana, 1889.
157. Contents of stomach, case 11, Havana, 1889,
158. Contents of stomach, case 13, Havana, 1889.
159. Contents of stomach, case 14, Havana, 1889.
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PATHOLOGICAL ANATOMY AND HISTOLOGY.

1 shall iiitrocliice here that portion of my article contributed to
"Wood's Handbook of the Medical Sciences" which relates to the pathol-
ogy of the disease:

The exterior of the body of au iudividuiil who lias iccciiLly succumbed to yellow
fever presents an appearance which is quite charactcrlBtic. The icteric color of the
skin, althoHf^h often not noticeable during the last hours of life, is developed iu a
large majority of the cases very soon aftiar death. The color is that which is seen to
follow a bruise in which there lias been an effusion of blood, and the origin of the
pigment is no doubt the same. The icterus from bile pigments, which occurs not
infrequently during convalescence, and which may bo seen in cases fatal from a re-

lapse or at a late period of the disease, gives a uniform saffron-yellow color to the
surfiico of the body and conjunct ivui. In the icteric discoloration of which we speak
at present the color is not so intense and not so uniformly distributed. The depend-
ing jjortions of the body and especially those subjected to pressure have a deeper
coloration, and are more or less livid and mottled from hypostatic congestion.

Dutrouleau has shown that this ecchymotic appearance of the back is due to position

aud pressure by placing the body upon the abdomen or side. In this case it is still

the most dependent part which shows the livid marbled appeaiance referred to. The
face aud hands frequently ajipear cyanosed, or the face may be livid aud turgescent,

like that of one recently drowned. A little stream of black vomit is frequently seen

trickling down from the corners of the nmuth, or a similar lluid may escape from the

nostrils, and the lips aud gums may be soiled with dark blood which has oozed from

them.

Cadaveric rigidity is quickly established aud well marked.

The apiiearances observed uj)on removing the calvariuni are usually those of

hyperaimia of the hrain and its meninges. The \na, mater is almost always congested

and the vessels of the brain are abnormally full of blood; the pons aud medulla are

especially in a condition of hyperiemia. There is more or loss effusion into the sub-

arachnoid sjiace and iu the ventricles; this is sometimes turbid and has a yellow color.

The surface of the brain presents sometimes little hiemorihagic points, aud its snb-

stauce, like the tissues of the body generally, has a more or less pronounced yellow

tinge.

Dr. Schmidt, of New Orleans, has described certain pathological changes in the

Bymimtheiic ganglia which he believes to be important. In a majority of the cases

examined by him the minute blood vessels of the ganglia were found to be filled with

hlood corpuscles. "In two cases the ganglionic bodies of the first thoracic as well

as of the semilunar ganglion had most obviously uudorgone degeneration. In the

greater part of these ganglion cells the nuclei had eujirely disappeared, leaving uo

other trace but their nucleoli, which were very distinct; iu the rest very faint out-

lines of the nuclei could still be observed. The bodies of all these ganglion cells pre-

sented an indistinct appearance, aud were characterized by a peculiar fatty luster,

even observed in specimens mounted iu Canada balsam."

Usually the lungs present uo evidence of pathological changes; occasionally they

are congested and contain hemorrhagic infarctions.

The fluid in the xJericardium is often increased in amount and has a yellow color; in

rare cases it contaius hlood. The heart is commonly paler than normal, aud accord-

ing to some authors is often soft aud friable, owing to fatty degeneration of its

muscular tissue (Riddel Schmidt). This is denied by others (Crevaux, Guiteras,

Gama Lobo). Woodward, who examined the material brought back by the Havana

Commission of 1879, agrees with Guiteras that his sections did not present any

decided evidence of fatty degeneration, but remarks: "This by uo means proves that

it does not occur in certain cases, perhaps in certain groups of cases,"
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Sovcriil of tho most co.npotoufc observers iigreo that tlicro is a l-iLty d.-j^uncriitioii of

tlin walls of the small blood vessels and capiUarici of the various organs, and account

in tills way for tlio l.i.'inorrl.agic toudeucy of the disoaso. Tliis is certainly a more

rational explanation than tho one so frcKiuontly olVeriid, viz, that the lurmorrhages

arc duo to tho disorganized and dillluont condition of the hlood. A moment's reflec-

tion should show that this cxplanatiou is insufliciont, and that the blood, however

diUluont, can not escape so long as tho vessels are intact. Eechyinotic poinls or

h;i-morrhagic infractions are soinotimos found upon the surface or in the substance

of the heart, as well as in other muscles of tho body and the organs generally. The

cavities of the right side of the heart usually contain soft coagnla or dark-colored

lluid blood, and the right ventricle sometimes contains a more or less decolorized

libriuous clot.

Tho i/oofZ iu yellow fever has been described by many observers as "completely

disorganized" as to its histological elements. This is a mistake, as is shown by the

numerous photoniicrogra])hs made by the writer while in Havana, in 1871), from the

blood of cases near a fatal termination. Both the red and the white corpuscles retain

their normal appearance, and I have frequently seen the leucocytes undergoing their

characteristic movements, even after 24 hours, in blood which had been preserved in

culture cells. In the days of bleeding numerous observers mentioned the fact that

tho blood docs not coagulate readily, or it forms a soft, loose coagnlum from which the

serum does not separate. The same is true of the blood in the heart and large vessels

after death ; it is lluid and dark colored. Although there is no general destruction of

the red cor^iuscles, it is probable that a considerable number of these elements perish

in severe cases, for the serum contains free hiemoglobiu, which gives it a yellow color

even as early as the third or fourth day. This yellow color is seen in the serum ob-

tained from the application of blisters to the surface, and in blood drawn for Jiiicro-

scopical examination. In blood obtained near the termination of a fatal case, and in

post-mortem blood, this color is very pronounced, and increases in intensity by further

solution of the ha-moglobin when the specimen is kept for a time; in the meantime
tho blood disks become i)aler than normal. In specimens kept in culture cells I have
observed the formation of beautiful crystals of ha;matoidiu. This passing of the
Inemogiobiu into the serum, which is no doubt the cause of the yellow discoloration
of tho tissues in yellow fever, has been ascribed to the presence of bile. This view is

not sustained by the chemical researches of Cuuisset, a recent French author,who has
arrived at tho following conclusions:

" Yellow fever is not a poisoning by the bile ; at the outset of the malady the biliary
pigments are rarely found in the blood or in the urine. They appear generally only
during tho second period, and in a great number of cases they are not to bo found
at all,

" The biliary salts, of which the powerful action of ' deglobulization ' admitted by
c(!rtain authors might explain the disorders which the malady presents, do not exist
cither in the matters vomited or in tho urine or In the blood except in certain cases
in very feeble quantity. In view of the profound alterations of tho liver, this absence
of the biliary salts is easily understood, and tho defective depuration of tho blood is
to be looked upon as a complication rather than a determining cause of the malady."
Schmidt says: "Tho icterus in yellow fever is not owing to the presence of bile in

tho blood, as is believed by a large number of physicians, but to the presence of free
hicmoglobin, and represents in truth tlie so-called 'ha^matogonou8 ' jaundice A
' hci)atogonous '.jaundice can not take place, as the larger as woUas the smaller hepatic
ducts are found perfectly open, and as tho secretion of bile during the disease, in the
majority of eases, is rather diminished, or even suspended."
The white blood corpuscles have seemed to the writer to be rather reduced in num-

bor toward tho end of fatal cases. In specimens of blood mounted dry for microscop-
ical examination they are frc.|uontly soon to contain one or more highly rofr.activo
granules, tho exact nature of which has not been determined, but which I suppose to
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lie lilt. There iirc no niic.iorn j,raiii.sms present, in tlio l)l„6(l of yollow fever deiiionstriiblo
l>y the usual uiotOituls of ataiuiu-j; uud microscopical exauiiuatiou, or by culti vatiou
in the modia couiMiouly employed by bacteriolof^ists.

The most iuiportaut palholoj-ical ehan^ros in yellow fever are found in the organs
contained in the cavity of the abdoiiuMi. The mucous membrane of the Hloinach in

always fouud to bo more or loss hypcricniic; the congestion is couuuouly not gen-
en' 1, but is confined to smaller or larger spots or districts, in which it is observed to
proceed from one or more centers. From these centers it extends or radiates in a
lesser degree, either gradually to be lost or to pass over to another congested district.

It is owing to this peculiarity of the congestion that it presents no uniformity of
character, but is observed to spread irregularly over larger or smaller portions of the
membrane (Schmidt). In addition to these congested patches, there are often to be
seen small red patches resembling ecchymoses, bnt which, according to Schmidt,
consist of " an nnbroken network of minute vessels congested with blood and iden-

tical with that network of large capillaries which surrounds the ajierture of the gas-

tric glands." Crevaux believes that a fatty degeneration of the cells which Hue the

gastric glands and the capillaries of the mucous membrane is the most important

lesion here. Other authors speak of an acute gastric catarrh as the iirocess indicated

by the appearance and histological examination of the mucous membrane; others

again deny that there is any inflammatiou. My own examination of thin sections

stained in various ways shows that in a certain proportion of the cases there is evi-

dence of inllammation, as shown by the presence of an unusual number of leucocytes

in the submucous coat.

It has been asserted that the ei)ithelium of the stomach undergoes fatty degenera-

tion. This is denied by Schmidt. The dark liuid so often ejected during the last

hours of life known as black vomit is almost always present in the stomach in greater

or less amount after death. Tiiere is no question that the dark color is due to the

presence of blood pigment, more or less changed by the acid secretions of the stom-

ach. The best authorities everywhere are in accord on this point, which has, how-

over, recently been called in question by Carmona, Freire, and Gibier. These gen-

tlemen suppose the black pigment to be a product produced by the vital processes

of a specific microorganism. The two fii'st-named authors base their opinion, that

that the color is not due to blood pigment, upon the uegativeresults of their spectro-

scopic experiments. Dantec remarks, with reference to this: "Everyone knows

that the derivatives of hiemoglobiu (hemapheiue, liematine, etc.) are insoluble in

water ; it is then not astonishing that Messrs. Domingos, Freire, and Carmona have

not obtained any spectroscopic result, since the first condition is to examine the body

in a liquid state. Upon dissolving the black matter with acidified alcohol, we have

always obtained positive results."

The author just quoted has repeated an experiment often made in this country, at

a time when thequesbion was whether the vomited matter consisted of "black bile"

or derived its color from the blood. By adding some drops of hydrochloric acid to

blood diluted with water, Dantec produced an "artificial black vomit," which

resembled exactly that ejected from the stomach of yellow-fever patients.

The small inlcsline commonly contains more or less black matter, either fluid and

resembling that found in the stomach, or mixed with mucus and smeared over the

mucous coating, especially of the ileum. This, no doubt, comes partly from the

stomach, but in other cases is due to passive hemorrhage from the mucous membrauo

of the intestine itself. This membrane presents arborescent patches of congestion, or

portions of the canal may be nniformly red from hyper:emia of the mucous coat
;
the

color varies from pale red to a reddish brown, and is usually moi-e marked in the

lower portion of the ileum than elsewhere. The large intestine occasionally presents

similar arborescent patches of congestion, but usually it has a normal appearance.

Finallv we may say that the attention of pathologists has heretofore been so largely

taken up with the pathological histology of the organs which present the most nota-

ble chan-cs-liver and kidney-that the histology of the alimentary canal haa been
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somowhafcnesloctoa, and further roBoarcbcs in this direction arc desirable upon ma-

terial obtained at the earliest possible nioi.icut after deatn.

ThoVnularauco of the liver in yelh>w fever is characteristie, at least so far as acute

febriTeirsrarcoLrued. Usually it contains less blood than in the normal con-

Fig. 7.—Patty infiltration of tUc liver cells, witli a roorterate amount of sraall ccllecl infiltration, in a

case of yellow fever. Material from Havana.

dition, and is of a pale yellow or brownish yellow color, similar to that of new
leather in its various shades ;

occasionally it is gorged with blood, and livid, deep

blue, or dark purple in color. In the victims of chronic alcoholism, it often presents

the nntmeg appearance of cirrhosis. The dimensions do not differ materially from

the normal, but the consistence is modified by the fatty change, which gives the

characteristic color, and the parenchyma is easily torn and more or less friable. On
section it is foinid to be drier than in the normal state, except in the oomxiaratively

few cases in which it is hyperiomic; these are, as a rule, ciisos which have proved

fatal at a very early period—a fact which indicates that there is a stage of conges-

tion antedating that of anscinia and fatty degeneration. According to Crevanx, this

congestion is located especially in the portal radicles surrounding the lobules, and is

attended with (isdenia of the interlobular connective tissue. Whether this primary

congestion is a constant phenomenon or not, it i.s certain that in a majority of the au-

topsies the liver is found to bo an.'uniic, and to present more or less evidence of fatty

change in the hepatic cells. This is not, however, a uniform process, but areas of

greater or less extent are seen, in which the cells are infiltrated with fat globules, as

seen in Fig. — ; while in other places the cells appear normal. Tiio fatty cells con-

tain one or several fat globules of varying dimensions, and the protoplasm is reduced
in quantity according to the extent of this fatty change. The nuclei very often re-

main intact in the colls infiltrated with fat, butaccording to .Schmidt "agreatnum-
ber ofthe nuclei also undergo fatty degeneration." Often a collar of normal colls re-

mains about the central vein, while those colls nearer the peri phcry of the lobule con-
tain numerous fat globules.

In two of the livers brought back from Havana by the Yellow Fever Commission
of 1879, in which there was evidence of eirrlio.si.s, Woodward found that, in addition
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to tl.o fatty cl.anj^o .losc.ibed, "an abundant infiltration of cells rosomblinc Icnco-cytes was observed not .neroly i„ the ab„o,-„.a,]y dovclop.l inle.lobubu- "fnoc ivet.ssne. but also m the parencby.na of Lbo l..h„l..s." 1 bave also found an i, i

"'^
ioaof leucocytes in two out of four cases, which I have receutly studied with ca eone from wh.ch Fi,. - was drawn, it was attended with the usual fa y c angIn the other ,t .s far more prommueed, and the liver cells to a eousidorable oxtenare atrophied, and have lost both their nucleus and their protoplasu., indeed a ver-itable necros.s ..( the cells has taken place (see F.g. 8.) This, however, is quite an

exceptional picture, and probably represents a complication rather than an oxag-

Fio. 8. -Acuto hepatitis, with necrosis of t,ho liver cella (a rare condition). From a case ol' yellow

fever. Havana, 1887.

gerated degree of an inflammation common to the disease. Schmidt states that he
has never observed any evidence of inflammation in the liver of yellow fever.

The Iddnqifi are also the seat of important pathological changes in the disease under

consideration. This consists essentially in a parenchymatous nephritis. Externally

no material change is noted in the organs. They do not vary greatly from the normal

size, aud usually are normal in appearance. When the attack has been brief, how-

ever, they may be hyperiemic aud of a deep red color. Crcvaux believes that the

changes found in the parenchyma of the organ are usually preceded by a stage of

congestion; Schmidt agrees with him, and states that ho has met with a limited

number of cases in which death had occurred duriug this stage of hypericmia. Ec-

cliymosed spots and hemorrhagic foci are frequently seen beneath the capsule or in

the cortical substance. In the latter situation little globular hemorrhagic points,

the size of a pin's head, have been observed which, upon examination, proved to be

the distended capsules of the glomeruli. The change in the renal epithelium consists

in a cloudy swelling, followed by fatty degeneration and desquamation. Every grade

of change may bo seen in the same .section, from a slight degree of cloudy swelling

to complete disorganization and de8(|nauKxtion of the cells. Whole bundles of tubes

may often bo seen which have been stripped of their epithelium aud are outircly

empty. In thin sections the lumen of the tnbules is seen in places to bo filled with

infarctions of various appearance. Some are hoinooeneous and translucent, aud it
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i^oo „,.i,>,.Af1 wifli blood i)i<rineiit; those aio coinpoHod of un albumin-

:;:f.^:t:r "^l^^^^^o^ t'.o ^...una. d.b.-is or the renal cpvthe^

Ul n'"...a • have a ,nixtu,-e of the granular a,ul ^^^^^^^^^f^^^^
case the latter Ibrn.s a n.atrix in which the Kranulos are imboddcd. These mfaic

tions Respond with the casts found in the urine ; those of a granular character are

Z rumlant, and in them the granules often have a fatty appearance. There are

also accumulat ons which dliler fron. these in the fact that they are deeply stamed

by ti eI ne colors. They seent to be n.ade np of the nuclei of the ce Is, somet.mes

hftact although swollen and compressed ; more commonly nnxssed together, or broken

iutotglr f.^gn.ents. At least this seems to be the most probable tnterpretat.oa of

those infarctions which are stained by nuclear staining agents.

Fig. 9.—Acate parenchymatous uephritis. a, aline ; b, granular inrarction.

fever. Ilavaua, 1887.

From a case of yellow

The supra-renal bodies, according to Schmidt, undergo pathological changes simi-

lar to those observed in other organs, " consisting in the infiltration of fat and

ha-moglobin, derived from the blood, and preceded by hyperimiiia of the organ. *

* * The infiltration or extravasation of hrcmoglobin absorbed by the colls is greater

and more general hero than h.-is been observed in any other organ. Almost in every

case examined it involved tlie whole medullary substance, from which it extended

into the inner and middle layor, sometimes even into portions of the outer layer of

the cortical suhstaneo. The degree of this pigmented infiltration is sufficiently great

to be always distinguished by its brown color in sections of fresh specimens ; in some
cases, even, it appciirs dark brown.

The Hplai'u does not undergo any marked ulteration in ynUow fever.

Dr. Williiini T. Coniicilniaii lias given ino tlio following roi)ort upon
tlic pjitliological histology of the disease, as shown l\v the series of

slides submitted to him I'm- examination :

UKI'OUT Oh' DU. WII.I.IAM COUNCILMAN.

The most interesting results were obtainiMl from the examinalion of the liver. It

has long been held that fatty degeneration of this organ was (uie of the most charae-
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teristic lesions of yollow fever, an.l it was foundto a greater or less extent in all of tliosections exaunned. It varied greatly in intensity in the different cases; in son.ocomparat.vely large areas of liver tissue, winch showed very little degeneration, werefonnd, in others only here and there a few normal liver cells were seen. This lesionhowever, does not seen, to me to he the nu.st in.portant one of the organ. When sec-
tions of the liver are deeply stained with eosin and snhseqnently with a nuclear stain,
either luematoxylm or metliyline hluo, a very peculiar appearance results. Whensuch sections are cxan.ined with a low power the liver cells are found to be stained
a faint reddish blue or purple color, the nuclei being a deep blue or purple. Among
the hver cells or in place of them a great number of bodies stained intensely red
with the eosiu are fonnd when examined with a high power. These bodies are found
to differ entirely from tlie liver cells. They are sharply circumscribed, are highly
refractive, and are composed of a perfectly hyaline mass containing numerous
vacuoles. Their size varies greatly

; in some cases they are no larger than a lenco-
cyte, in others as large as two liver cells. They are fonnd inclosed in liver cells,
otherwise perfectly normal, and in some cases they entirely take the place of these in
the liver beam- work between the capillaries. lu some cases examined they appar-
ently made up the mass of the tissue, only here and tliere a portion of a liver cell or
a nucleus of such being seen. Sometimes, especially where the liver tissue was most
scanty, along with these definite circumscribed masses more or less granular material
Avas found which stained in the same way. These bodies were generally round or
more or less irregular in form. In some of the liver cells small hyaline masses stain-
ing in the same way were found which were not so sharply circumscribed as the larger
bodies. They were found most abundantly in the cases where the fatty degeneration
was most extreme, but the most striking pictures were obtained where the liver was
least altered.

In a few instances liver cells were found which only differed from the normal in
being more coarsely granular, the granules staining with eosin but not so distinctly

as the eosin staining bodies, and the nucleus stained more faintly blue than the
nuclei of the surrounding liver cells. In most cases these bodies were without any
nucleus ; in others a nucleus was present. This always was at the periphery, and gen-
erally took the long irregular form of the nucleus of a wandering leucocyte. Poly-

nuclear leucocytes were numerous in all the livers examined. In some cases there

were well-defined groups of them in the capillaries and in the liver beam-work be-

tween, and as it seemed often in the red-stained bodies. In several specimens there

were hemorrhages in the liver, large areas being occui^ied by red blood corpuscles

between which the red bodies were often seen. This i^eculiar condition of the liver

is possibly made more clear by staining the sections deeply with picro-carmine. In

sections so treated these bodies stain an intense bright yellow with the picric acid.

Concerning the nature of these bodies there can be little question. When first seen

it was thought that they were probably some form of lower organisms, possibly

amcebea, but a more extended study showed that this could not be so. Bodies in all

respects similar to them were found in rapidly advancing cases of cirrhosis of the

liver, in phosphorous poisoning, aud in other cases of rapid fatty degeneration, but

they are particularly found in cases of acute yellow atrophy of the liver. Areas were

found in sections from this which were very similar to the advanced cases of yellow-

fever liver. It must be considered that in yellow fever, along with the fatty degen-

eration, there is a necrosis of the liver cells which sometimes affects only portions of

the cells; at others the en tire cell. Almost every change leading up to the forma-

tion of these bodies could be seen. The exact relation of the fatty degeneration to

the necrosis could not be determined. The necrotic masses were found both in intact

liver cells and in those which had undergone fatty degeneration. In the latter cases

it seemed probable that the necrosis preceded, or at least accompanied, the degenera-

tion. If it only represented a necrosis of the small remnant of cell protoplasm be-

tween the fat drops it is difficult to see bow so large a body could bo formed from
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tins. When the necrotic masses were found in the liver cells they were iiearly always

at the periphery of the cell next to the capillary.

Although those necrotic uiasses were generally found in the boani-work of liver

cells, careful exaniiuation showed them frequently to be in the hepatic veius and in

the capillaries. It would have been interesting to have examined sections of the

lungs to determine what part they might play in the formation of emboli.

The other changes of the liver consisted in infiltration of round granulation cells

around the portal vessels. The fatty degeneration and the necrosis was much less

marked in this place; even in the most advanced cases a certain number of normal

liver cells were always found here. Some of the liver cells, particularly aronnd the

portal spaces and adjoining the portions most degeneraled, contained several nuclei,

generally oval, and loss vesicular in appearaucc than the normal nucleus. Rows of

smaller cells with similar nuclei were also found, and appeared to indicate an attempt

at regeneration. A few of the specimens from autopsies very shortly after death and

which were at once placed in alcohol showed rather ill-defined nuclear figures.

In the kidneys the changes were generally those indicating an intense parenchy-

matous degeneration. They were most marked in the tubules of the labyrinth. The
glomeruli in the most cases were affected. The cai^sular space was dilated and filled

with a granular exudation coagulated by the alcohol, and frequently in this, rouod

hj'alino masses were found. The epithelial cells of the convoluted tubules were very

much swollen and the tubules often dilated. The cells often contained larger and
sm-aller fat drops shown by the clear spaces remaining after this was dissolved out by
the alcohol, but the ijrincipal change was a hyaline degeneration of the cells. The
cells contained an immense number of clear hyaliue granules which stained more
brightly with eosin. In many cases there appeared to be a well-defined margin to the
cells, and over this what appeared to be a row of cilia. Examiuation with high-
power objectives showed this to be composed of oblong granules of the same hyaline
material as that within the cells, and apparently represented an exudation. In the
dilated tubules there were large and smaller, generally round, masses of similar hya-
line material.

The most peculiar change in the kidneys in some cases was the presence of masses
of colloid material aud crystals in the tubules. This colloid material was found in
the loops of Henle and in the collecting tubules. It was sometimes in the form of
round masses and sometimes in irregular clumps, apparently formed from aggrega-
tion of the round masses. These were sometimes united to each other to form long
chains. When these bodies are seen singly the center appears depressed aud some"
times stained more deeply than the periphery. They stained with nearly all of the
nuclear stains, but particularly with Bismarck brown and haimatoxylin. They were
highly refractive, and either perfectly hyaline or composed of numerous l.-imina},
like starch granules. They were generally found in the lumen of the tubules, but
jn one case there was a large aggregation between the epithelium and the w.all of
the tube. The crystalline masses were found in every case examined, and ditfered in
all respects from the n.aterial just described. They were of a yellowish or yellowish-
green color, with sharp edges, very highly refi^active, and with uumerous^adiatin-
lines and fractures running from the periphery to the center. They did not stain
with any of the reagents used. In addition to these bodies, in some c.ises the tubules
contaiued beaded strings of a substance evidently derived from the blood, and which
stained intensely with both eosin and picric acid. Casts both epithelial and hyaline
were found, the latter apparently composed of aggregations of the s.amc hyaline
material which was found in the epithelium. In some of the tubules considerable
numbers of leucocytes were found, but in general it w.as renmrkable. in view of theextent of the p.arenchymatous degeneration, how little cellular in filtratioa there was

Th.5 changes m both the liver aud kidney appear to be <lue to a general toxemi-i

the whole of the organs, aud not small areas.
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Fin. 10.—Section of liver but little affected, a, necrotic masses. X 150.
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pza. 14—From same liver; nocrotic inasscs witli liifilior ]iower, Leitz ono-twolfth immpraion. Tn one

of the bodies a, a vucuolc, inclosing a small body.
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Fig. 17.—Glomertilua with granular aud hyaline material in capsular space. TTtG. 18.—Section of kidney, vrith hyaline

doRcnoration of epithelium aud hyaline

aud grauular material in the lumen of

tubules.
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Fifi. 19.—Hyaliiio degeneration of epithelium ; Mullor'a fluid specimen.





VII.--D]^:SCRIPTION OF MICROORGANISMS WHICH HAVE BEEN
CLAIMED TO BE THE CAUSE OF YELLOW FEVER.

THE CBYPTOCOOOUS XANTnOGBNICUS OP DE. DOMINGOS PEEIEE OP
BEAZIL.

'

In his principal work, "Doctrine Microbienne de la fievrejaune," pub-
lished iu 1885, Dr. Domiugos Freire gives the lollowing account of his
" Cryptococcus Xauthogeuicus":

When we follow, with all the care aud attention possible, the march of the develop-
ment which characterizes the germs which produce yellow fever, we acquire the
certainty that, commencing to present themselves under the form of little points
almost imperceptible, they afterwards gradually increase in diameter until they attain
considerable dimensions, so that these little beings, which at the outset had the
aspect of ver-y little grains of saud, not measuring more than 0.001 to 0.002 millimetre
in diameter, arrive, little by little, to such a development that they reach the dimen-
sions of 0.005, 0.007, or 0.008 millimetre, and sometimes even more in certain determined
conditions.

"When they have attained the adult age these cells are broken at diverse points and
discharge their contents, composed of spores already formed, mixed with a viscous

substance of a yellow color, composed of pigmentary and protoplasmic substauce, aud
of the liquids elaborated by the cells. * * *

The microbe xantuogenicus is a cosmopolitan ; it does not select its domicile in any
organ and has no preference for any organic liquid. We have encountered it with
the same characters, the same oiDulence of proliferation in the brain, iu the muscles,

in the liver, in the spleen, in the kidneys, in the lungs, iu the blood, in the urine, in

the bile, in the vomit, and even in the cephalo-rachidian fluid. However, it is neces-

sary to establish a well-drawn distinction as to the blood. The blood of the general

circulation shows itself much less charged with the microbes than the blood of the

capillaries. Thus, if I could admit any preference on the part of the microbe xantho-

genicus, I would say that it pleases itself better iu the blood of the capillaries, in the

blood which bathes immediately the anatomical elements. * * *

The occasion seems to us a favorable one in order to call attention to some indis-

pensable precautions when the microbes of yellow fever are to be sought in organic

solids and liquids. While it is extremely easy to perceive the presence of the microbes

of yellow fever in the urine and bile, for example, by placing a drop of these liquids

upou a glass slide, covering it with a thin glass cover, and examining it with a power

of 450 to 740, or 780 diameters, this proceeding can not be employed when the blood

is to be examined. If we proceed iu this manner the globules will hide nearly all the

microbes and the observer will Avrongly conclude that they are very rare in this

organic liquid. Not only does the form of the microbe offer a certain resemblance to

that of the red corpuscles, but these latter in adhering logefcher envelop the micro-

bian cells, and, on the other hand, cast upon the cells a jet of light, which makes

them disappear from the lield of the micoscope. But if we dilute a little drop of

blood iu a pure solution of sulphate of soda aud place it under the objective, the

microbes become visible aud will appear in considerable quantity.

160
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It is likowiso necessary to make a preparation previously for the examination of

the cerebral mass aud of the muscles. They should be triturated in a sterilized mortar

and mixed afterward with distilled water entirely deprived of organisms, filtered

through fine linen which has been passed rapidly through the flame of an alcohol

lamp, and afterwards a drop of the filtered liquid should be placed ui)on a glass slide.

If wo withdraw a little piece of brain or of muscular fiber, oven triturated, we will

not perceive anything abnormal under the microscope unless it be the anatomical

elements more or less deformed by trituration.

It is not the same for the liver. It suffices to withdraw a bit of this organ and to

crush it between two glass slides; upon observing it under the microscope we per-

ceive at once a multitude of microbes. This is because in the muscles the microbes

are lodged between the fibrilla) and in the substance which surrounds them, and in

the brain they are found in the interior of the nerve-cells, which must first be de-

stroyed by trituration in order that their parasitic hosts may become visible.

I would say in the first place that the description above given of the

cryptococcus xanthogenicus does not correspond with the characters

of the microorganism which Dr. Freire presented to me as his yellow

fover germ
;
and, secondly, that no such organism as he has described

or as was present in the cultures which he gave me, is to be found in

the blood or tissues of yellow-fever patients.

The only explanation of the remarkable versatility as to the form
which Dr. Freire has ascribed to his "cryptococcus" on different pages
of the work referred to, which I can conceive of is that offered by Dr.
Araujo Goes, one of his medical confreres and critics in Eio de Janeiro,
viz, that Dr. Freire has mistaken deformed blood corpuscles, fat glo-

bules from the liver, and the debris of tissue elements in his trituration
of muscle, brain, etc., for microorganisms. Dr. Freire frequently speaks
of his cryptococcus as being endowed with active movement. It is well
known to microscopists that minute particles, organic or inorganic, when
suspended in a fluid, undergo, under certain circumstances, a rapid
vibratory motion, known as the brownian or molecular movement. The
microorganism, a micrococcus, which Dr. Freire presented to me as his
yellow-fever germ, like other similar organisms, presents these molecu-
lar movements when suspended in a fluid, but it has no proper vital
movements, such as are manifested by many of the bacilli. The fat
drops from crushed liver tissue, or the debris of muscle flbrillie, present
these molecular movements, and in form aud appearance present some
resemblance to micrococci. They are easily distinguished, however by
chemical tests and staining agents, I may remark here that prior to
his visit to Paris in 1887, Dr. Freire seems not to have made use of the
method of staining with aniline dyes. In an address, made while in
Pans, he defends himself from the charge which some one seems to
have made, that he had neglected this means of recognizing microor-
ganisms, in the following language :

We know that in order to color a microbe it is necessary, first to kill it nnd th«n
to wash the little microscopic cadaver by u.oans of roagen't "sitting the "1 of

stTdtoT T "7 '° I applied myself o thestudy of the yollow^fever m.crobe in a fresh state. I fed it with the best food, Je!
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mciUciirs cm/rais, for tho purpose of witnessing the clifTerent phases of its evolution
from its birtli to its doatli.

Nevertlioless, in fault of other accusations, some authors have reproached me with
not having colored my microbe. Alas, what a miserable objection! Is it necessary
in order to allirm tho existence of a microbe, which swarms by millions in the urine,
iu the bile, in tho blood, in the tissue, etc. ; is it necessary to mask them, to disguise
them nnder a costume of carnival, in order to please certain microscopists ? M. Pas-
teur has never colored his microbes

;
and, nevertheless, everyone admits tho exist-

ence of the bacillus of charbou, of the corpuscles of p6briue, of the micrococcus uf
fowl cholera, etc.

* * * Do not think, gentlemen, that I fear the application of coloring processes
to the search, for the microbe of yellow fever. Far from it. In order to show you
that the criticism which I have just made is not due to prejudice, I will say to you
that such processes have recently been employed upon the yellow-fever microbe with
complete success.

The method of cultivating in solid media and of isolating micro-

organisms by means of plate cultures or Esmarch tubes, seems also to

have been unknown to Freire prior to his visit to Paris. All of the

cultures left in his laboratory at the time of ray arrival were in liquid

media and preserved in Pasteur tlasks. He brought from Paris, how-

ever, a number of cultures in agar-agar, and among them one which he

presented to me as a pure culture of his yellow fever microbe. This

was a micrococcus, which multiplies, as do other microorganisms of the

same class, by binary division and not by the growth of the separate

cells to comparatively large dimensions, and the formation of endoge-

nious spores, which are released by rupture of the cell wall of the mother

cell, as described by Dr. Freire. This mode of multiplication is not

known among the bacteria, and does not occur in the micrococcus

which Dr. Freire placed iu my hands as his yellow fever microbe, and

which I have had in cultivation continuously since my visit to Brazil in

1887. This is a simple staphylococcus which multiplies by binary divi-

sion, and upon the surface of nutrient agar forms a milk-white mass.

I have never seen it produce either the yellow or the black pigment

which Dr. Freire ascribes to it. In an address made by him in Paris,

in April, 1887, he repeats the statement previously made iu his princi-

pal work, in the following language

:

Each adult cell is ruptured in one or several points and allows to escape its con-

tents composed of grrms which are to perpetuate the species, and two pigments, one

yellow, destined to iniiltrate the tissues and produce the icteric color which has

given name to the malady, the other black, insoluble, and destined to be carried aloua:

by the circulatory current, producing either capillary obstructions or blood stasis in

the parenchyma of the organs.

This account is entirely fanciful. Not only does Dr. Freire's micro-

coccus not produce such pigment as he describes, but in yellow fever no

black pigment granules are found in the capillaries or the parenchyma

of tbe organs, as is the case iu malarial fevers. Moreover the pigment

which gives a black color to the vomited matters, and to the contents

of the intestine iu most fatal cases, is fully accounted for and does not
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result from the presence of Dr. Freire's crpytococcus or of any other

microorganism. It is blood pigment changed by the acid secretions of

the stomach and present in that viscus as a result of passive hemorrhage

from the mucous membrane. This I have verified very many times by

microscopical examinations which have shown the granular brown pig-

ment, which gives color to the " black vomit," to be closely associated

with little masses of decolorized blood corpuscles ; and it has been

demonstrated by a spectroscopic examination made at my requefst by

Dr. George Kemp, of the Hoagland laboratory. Dr. Freire's micrococ-

cus liquefies gelatine quite slowly, forming a cup shaped cavity, at the

bottom of which the cocci accumulate, forming a white deposit, as shown

in Fig. 5, PI. iii. The morphology is shown by my photomicrograph

from a preparation stained with fuchsin. Fig. 1, PI. iii.

That this micrococcus bears no relation to the etiology of yellow

fever is fully proved by my extended culture experiments in Havana
during the summers of 1888 and 1889. In the entire series of autopsies

I have made cultures from the liver, and in a considerable number from

blood obtained directly from the heart, and I have not obtained this

micrococcus of Freire in a single instance, although the culture medium
commonly employed—flesh i)ei)tone-gelatine—is a very favorable one
for the growth of this coccus. Nor has it been found in the extended
series of sections which I have made from the liver and kidney pre-

served in alcohol from my Havana autopsies. In one case only (case

10, 1888) I have found micrococci in sections from the kidney, but as

the micrococcus of Freire, in its form and dimensions, resembles many
others, it is impossible to say that this is or is not the Freire coccus.
The finding of micrococci in this case, however, does not invalidate the
general result, which is that micrococci are not found in the Mood and
tissues of yellow fever cadavers.

The micrococcus of Freire is killed by 10 minutes' exposure to a
temperature of 60° C. (140o F.). Its vitality is not destroyed by a freez-
iiig temperature. I have subjected it for an hour and a half to a tem-
perature of 15° C. below zero (5° F.) in a freezing mixture of salt and
ice, and found that it grew as usual when planted in flesh-peptone-gela-
tine, and kept at a temperature of 20° C. A stick culture in the same
medium, placed in an exposed attic in the laboratory in Baltimore, from
January 17 to 29, at a temperature ranging from 2° to 10° 0.. not only
was not killed, but showed decided growth. In short it is a hardy
micrococcus, which grows at comparatively low temperatures and pre.
serves its vitality in sealed tubes for several months.

THE YELLOW-FEVER "GEBM" OF DR. CARMONA Y VALLE, OF IHEXICO.

Dr. Manuel Oarmona y Valle has given an account of his researches
and supposed discovery in his memoir, entitled, "Lesons sur I'etiologie
et la prophylaxie de la fievre jaune," Mexico, 1885.
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I am indebted to Dr. Oarmona for a copy of this work, wliich he pre-sented to me at the time of my visit to Mexico. The followini; insmn
tion signed by him, is upon tlie title-page, and is afrank acknowledt.
ment tliat the author has modified his views very cousiderablv witii
reference to his earlier observations :

A. M. le Dr. Steunbrrq :

Qi.oiqu'ilsoit ndcessaire de modifior toiito la partio relative h la mornbolo-ie etaux cultures du mici'oganisme. "

Mexico, le 26 Septeuibro, 1887.

Dr. Caumona y Vallk.

At tlie time of my visit to his laboratory (Sei)tember, 1887) Dr. Car-
mona was inclined to attach some importance to a bacillus which he
had obtained in his cultures from yellorw-fever urine sent to him from
Vera Cruz. This bacillus is shown in my photomicrograph, Fig. 4 1>1.

Ill, which is from a slide mounted by Dr. Angel Gaviuo Yglesias in
Dr. Carmona's laboratory. Associated with the large bacillus, shown
in the photomicrograph, there is another slender bacillus in smaller
numbers, which is seen upon looking over the slide. This large bacil-
lus was also present in a culture from yellow-fever urine which Dr.
Carraona presented to me, and which, by the use of Esmarch roll tubes,
I found to contain several other bacilli and a micrococcus. The large
bacillus is of the " subtilis " group. It liquefies gelatine quite rapidly,

and forms large oval spores.

Not having obtained it in my cultures from the blood and tissues of
yellow-fever cadavers, or from urine drawn through the walls of the
bladder in a considerable number of cases, I must regard its presence
in Dr. Carmona's cultures from urine collected for him in Vera Cruz
as entirely accidental, and without significance so far as the etiology of

yellow fever is concerned.

THE YELLOW-FEVER GERM OF DR. CARLOS FINLAY, OF HAVANA.

(Micrococcus tetragenm versatilis, Sternberg.)

Dr. Carlos Finlay having, in his earlier researches, observed micro-

cocci in groups of four in cultures obtained from mosquitoes which he

had allowed to fill with blood from yellow fever patients, inferred that

the micrococci came from the blood of the sick, and that the grouping

in fours was a character by which he could distinguish this micro-

organism, which he named Micrococcus tetragenus febris jiavce, upon

the supposition that it was concerned in the etiology of yellow fever.

During the winter of 1887-'88 Dr. Finlay sent me a number of his

"mosquito cultures," which I found to contain a variety of micro-

organisms. Among these a large micrococcus grouped in tetrads was

most conspicuous. This I isolated and studied in pure cultures, and

have since named Micrococcus tetragenus versatilis, a name which Dr.

Finlay has accepted.
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The cliaracteristic mode of grouping is shown in Fig. 3, PI. III. Some

bacteriologists would perhaps be disposed to place it among the Sarciute,

but I have never observed any evidence of division in a third plane,

forming packets of eight or more elements, such as are characteristic

of this genus. I have called it " versatilis " because it is very versatile

both in the grouping of the elements and in their dimensions. In the

same culture very wide differences in size are observed, and at different

times and in different media these variations are very noticeable.. The

grouping also varies greatly; sometimes the greater number of the

elements are arranged in tetrads, or in pairs in which the large oval

elements are upon the point of dividing transversely to the line by which

the binary division of a single element is marked. But often there are

irregular groups of three or more elements, or there may be a chain

of tetrads which remain attached one to the other.

In agar-stick-cultures a rather thick and viscid yellow mass is formed

on the surface, about the point of puncture ; and in the course of a week

or ten days, at a temperature of 20° to 25° 0., this extends over the en-

tire surface. The color varies from cream yellow to lemon yellow. The

growth upon potato is similar to that upon agar. In stick cultures in

flesh-peptone-gelatin the gelatin is liquefied rather slowly near the

surface, forming a deep cup-shaped cavity, as shown in Fig. 7, PI. III.

Colonies in gelatin roll-tubes are at first pale yellow and later lemon

yellow in color; they are opaque and spherical, and do not usually cause

liquefaction of the gelatin for several days. The microorganism has no
proper movements and is aerobic, no growth occurring in an atmos-

phere of hydrogen. It is not pathogenic for rabbits or guinea pigs.

I have occasionally obtained a few colonies of this micrococcus in my
cultures from the contents of the stomach and intestine of yellow-fever

cadavers, and in one case (case 8, 1888) I obtained it from the liver kept
in an antiseptic wrapping for 48 hours. In this case it was associated
with stcqyhylococcus pyogenes aureus. There is no reason to believe that
it has anything to do with the etiology of yellow fever. My researches
show that it is a very common organism upon the surface of the body
of patients in the hospitals of Vera Cruz and of Havana, and quite as
common in cases not having yellow fever as in those sick with this dis-

ease. In Brazil, in 1887, my friend Dr. Goes obtained it in a culture
from blood drawn from the finger of a yellow-fever case in the small-
pox hospital. My inference then was that its presence was accidental,
and due to contamination of the drop of blood while collecting it ; and
I believe this to have been the case when it has been present in Dr.
Finlay's cultures from blister serum. In a case of brain disease, and in
a case of skin disease, in which Drs. Finlay and Delgado applied blisters
and collected serum by their usual method, I obtained this micrococcus
in Esmarch roll-tubes to which this serum had been added. These
cases had not been associated in any way with yellow-fever patients,
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and the blister serum was collectetl at my suggestion as a control ex-
periment, inasmuch as Drs. Finlay and Dolgatlo had obtained this micro-
coccus in their "mosquito cultures," and in blister serum from yellow-
fever cases. Its absence in cultures from the blood in a large series of
cases fully sup[)orts the iuference that its occasional presence in blood
drawn from the finger, or in blister serum, is due to accidental contami-
nation from the surface of the body or from the atmosphere.

Dr. Finlay himself, when I left Havana last year, had about given up
the idea that this tetrageuus is the cause of yellow fever. This is shown
by the following letter from, him:

Havana, August 29, 1889.

My Dear Doctor: I send you a copy of tlie r68am6 of our inveatigations during
the year, May, 1888-89, wliicli Dr. Delgado and myself presented at the beginning
of the year. You will see that we did not claim to have demonstraied that our " tetra-

geuus" was the actual germ of yellow fever, but merely that iuour recent investigii-

tions, carried out with methods which we deemed to be reliable, we had again found
the same microorganism in yellow fever finger blood and in blister serum, and also

in cadaveric products of two yellow fever autoiJsies. We likewise expressed the hope
that you would undertake comparative experiments in order to determine, first,

whether it was a fact that by the culture methods which we had described our

tetragenus could be demonstrated iu most of the products collected during life from

yellow fever patients, and, second, whether that microorganism is exclusively found

in such patients. I am aware that the results of three samples of yellow fever blis-

ter serum and seven samples of blister serum from acclimated subjects have given a

negative answer on the second point. Yet I can not wholly divest myself of the sus-

picion that the greater frequency with which we have found the tetragenus in our

yellow fever cultures (from material collected during life) may have some signifi-

cance, even admitting, as I do, that before any etiological importance can be claimed

for it quite a number of serious objections would have to be encountered besides

showing that it is not to be found iu localities where yellow fever is unknown.

I am, my dear doctor, yours, very faithfully,

Caklos Finlay.

Dr. G. M. Sternberg, U. S. Army,
Havana.

Finally, I may say that this "tetragenus" is comparatively large, and

conspicuous by reason of its grouping in tetrads, and that it is promptly

stained by the aniline colors. It should therefore be found in my sec-

tions of the various organs if present iu the blood of yellow fever

patients. It has not been found iu the numerous sections made from

forty cases in which I have made autopsies in Havana, uidess possibly

the cocci found in a single case in sections from the kidney (case 10,

188S) are identical with Dr. Finlay's tetragenus. As remarked in the

account of Dr. Freire's coccus, such identity can not be established by

microscopic examination alone, and the question, which is of little im-

portance in view of the facts stated, must remain unanswered.

But one thing is very evident, and that is that the researches of Dr.

Finlay give no support to the claims of Freire, inasmuch as the micro-

coccus which has especialiy engaged his atteution is entirely dillerent

from that of the Brazilian investigator.
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THE BACILLUS OF DR. PAUL GIBIEB.

(Bacillus lepina lelhalin, Sternberg.)

t)r. faul Gibier, a JFreuch bacteriologist, went toCuba in tlieautiiran bf

1887 iu the expectation of finding the yellow fever microbe of Dr. Freire^

Who had spent some time in his hiboratoty iu Paris. This is shown, as

well as his failure to realize this expectation, iu the following communi-

cation made by him to the Freuch Academy of Sciences:

tiAVANA, January 22, 1888.

At the commencement of the year 1887 i)r. Domingos Freire, professor in the fac-

ulty of medicine of Rio de Janeiro, camo to Paris in order to present to the scientific

public his studies upon yellow fever. M. Freire was presented to me by Dr. Rebour-

geou, who had studied this malady with him iu Brazil. The laboratory of compara-

tive pathology of the museum was opened to these savants, who resumed the experi-

ments, the results of -which had previously been published by M. Freire. I was re-

quested by Dr. Freire to examine the cultures which he had brought with him, and

to treat them by the new bacteriological methods, which had not yet been applied in

his researches. After these investigations, made in common, M. Freire had the kind-

ness to associate me in a communication made in his own name and that of Rebonr-

geon to the Academy of Sciences during the month of March, 1887.

Since, and as a result of this communication. I received from the rniuister of public

instruction the mission to go and "study yellow fever in the countries where it pre-

vails habitually, and the prophylactic measures which may be opposed to this malady."

Dr. Gibier arrived iu Havana iu ITovember, 1887, and proceeded to

make bacteriological researches by approved methods, the results of

"Which he announces as follows in the communication from which we
have quoted

:

Ueaults obtained.—I am obliged to confess here, however much it may cost me,
that my results contradict in an absolute manner the facts advanced by M. Domin-
gos Freire, from whom I have the regret, as well as the duty, to separate myself.
The Mood.—tn a great number of preparations, fresh or colored, it has been impos-

sible for me to verify the presence of microiJrganisms. The cultures repeated a great
number of times remained sterile. » » »

The numerous sections which I have made of the different viscera have also failed
to show me the presence of microbes.

Having convinced himself that neither the micrococcus of Freire, nor
any other microorganism waspresentin the blood of yellow fever patients,
Dr. Gibier turned his attention to the microih-ganisras present in the
alimentary canal, and isolated from the contents of the intestine of one
or more cases a liquefying bacillus to which he was inclined to attach
especial importance.

Dr. Gibier kindly placed in my hands a culture of this bacillus upon
my arrival iu Havana in the spring of 1888, and I have had it in con-
stant cultivation since that time, and have made numerous inoculations
mto rabbits and guinea pigs which show that it is pathogenic for these
animals.

But my extended researches give no support to the supposition that
It 18 concerned in the etiology of yellow fever. In a large majority of
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my cases it lias not been present in cultures .nuule from tl.e contents
of the stomach and intestine obtained post-mortem, or from the alvinedischarges obtained daring the life of the patient. I obtainecUt ncomparatively small numbers in three out of ten cases in which I made
autopsies in Havana in 1888.

Admitting to myself the possibility that the specific germ of thedis-
'sease might be absent, or only occasionally ])resent, in the contents of
the intestine obtained post-mortem, although present at the outset of
an attack, I devoted myself especially to a search for this bacillus in
the feces of yellow fever patients during my stay in Decatur Ala-
bama, in the autumn of 1888. The result of this research was to show
that liquefying bacilli are not numerous in the alvine discharges of the
sick, and that the bacillus of Gibier was only present in a limited number of
cases and in comparatively small numbers. Another liquefying baccil-
lus, 0, was found more frequently, but not with sufacient constancy to
give support to the belief that it bears an etiological relation to the
disease.

Again, in my extended researches in Havana during the summer of
1889 I have only encountered this bacillus in my cultures from the
stomach and intestine in a limited number of cases.

I give below some of my notes with reference to the presence of
liquefying bacilli

:

Autopsy No. 14 {No. 1 o/1889).— "jB coli commnne in anaerobic and aerobic culture
from stomach and intestine, no liquefying colonies."

Autopsy No. 15.—"No liquefying colonies in cultures from intestine. Afew liquefy-
ing colonies in Esmarcb roll tube No. 1 from stomach. Liqueying bacillus with large
oval end spore in anaerobic Esmarch tube from intestine."

Autopsy No. 16.—"Liquefying bacillus (Bacillus o Decatur) in gelatine Esmarch
tubes from stomach and intestine."

Autopsy No. 17.—" Cultures from intestine, bacillus a and a single liquefying colony,

not Gibier's bacillus."

Autopsy No. 18.—No remarks made with reference to liquefying bacilli, which indi-

cates their absence.

Autopsy No. 19.—"No liquefying colonies from stomach or intestine at end of 24

hours."

Autopsy No. 20.—" Bacillus g," (Gibier's bacilhis). " Obtained from intestine. Es-

march roll rubes No. 1 and No. 2 both liquefied at end of 24 hours."

Autopsy No. 21.—" Gelatine Esmarch No. 1 from intestine liquefied in 48 hours; ba-

cillus ee " (quite different from Gibier's).

Autopsies Nos. 22 and 23.—No notes, iudicating absence of liquefying bacilli.

Autopsy No. 24.—" Gelatine Esmarch roll tube No. 1 liquefied in 24 hours ; No. 2 on

third day ; bacillus g."

In this case Gibier's bacillus was present, but in comparatively small unmbers,

because Esmarch tube No. 3 of the series did not contain any liquefying colonies.

Autopsy No, 25.—"No liquefaction of gelatine Esmarch tubes from intestine."

Autopsy No. 26.—"Doubtful case, diagnosis not supported by the iJathoJogical ap-

pearances ; excluded."

Axitopsy No. 27.—"Liquefying bacillus in gelatine Esmarch tube No. 1 from intes-

tine." What bacillus was not determined.

Autopsy No. 28.—"No liquefying colonies in gelatine Esmarch tubes from intes-

tine."
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Aulom>, No 29 Gelatine Es.narcl. tube No. 1 liquefied in 2.^ honrs
;

Bingle colony

int'T No 3 contains nonliancfyiug colonies only. The liauefy.ng bac.llns pre-

"It^tl-- N^^^uenvction of Esn.avcb tnbos H.. intestine in 48 hou.s."

j"Z/y No. 31.-" No liquefaction of gelatine Esnuircb tnbes trom mtestmo at end

°^J!<oZ' i^o 32.-"No liquefaction of Esinarcb tubes from intestine in 48 bours."

Autoim No 33 Esn.arch tube No. 1 from intestine contains liquefying colonies

at end of 48 hours; bacillus ^; none in tubes Nos. 2 and 3, which contain the colon

bacillus."

Those notes from twenty successive cases will suffice to show what

has already been stated, viz: that this bacillus is only exceptionally

present, aiid when present is in comparatively small numbers. We are

therefore obliged to exclude it from consideration from an etiological

poiut of view.

I may here say that in my cultures made directly from the pure cul-

ture which Dr. Gibier placed in my hands, and froai the intestinal

conteuts of cases in which I made the autopsy, I have never seen any

formation of black pigment such as Dr. Gibier described in his first

communication to the French Academy of Sciences with reference to

the bacillus under consideration.

The morphology of Gibier's bacillus is shown in Figs. 1 and 2, PI, it.

It is an actively motile bacillus with round ends, which varies con-

siderably in length, being sometimes short oval, and again, in the same

culture, long oval; or it may grow out into a flexible filament of con-

siderable length. In recent cultures the bacilli are often united in

pairs, and are deeply stained by an aqueous solution of fuchsin, or

methylene blue; in cultures which are several days old, or in recent

cultures when the stained preparation is washed in alcohol, the ends of

the rods are commonly more deeply stained than the central portion.

My photomicrograph is from the surface of an agar culture 12 days
old, and shows some of the bacilli of recent development deeply stained,

while others in the same field are but faintly stained.

This bacillus liquefies gelatine, as shown in Figs. 5, 6, and 7, PI. iv.

At the end of 24 hours, at a temperature of 20°, to 22° C, there is an
abundant development along the line of puncture and commencing
liquefaction at the surface. Later the liquefaction is funnel-shaped,
and there is an opaque white central core along the line of puncture
with liquefied gelatine around it. Liquefaction progresses most rapidly
at the surface, and in the course of 3 or 4 days the upper portion of
the gelatine, for the distance of half an inch or more, is completely
liquefied, and an opaque white mass, composed of bacilli, rests upon
the surface of the unliquefied portion.

In gelatine roll-tubes the young colonies upon the surface are trans-
parent and resemble somewhat small fragments of broken glass (see
Fig. 3, PI. IV); later liquefaction occurs rapidly, and the colonies are
as seen in Fig. 4, PI. iv. Deep colonies in gelatine roll-tubes or at the



ETIOLOGY AND PREVENTION OF YELLOW FEVER.

bottom of gelatine stick-cultiirea are splierical, translucent, and of a
l)ale straw color.

Upon tlie surfiice of nutrient agar it grows rapidly, forming a rather
thin, translucent, shining, white layer, which covers the entire surface
at the end of 2 or 3 days at a temperature of DOo C. (See Fig. 3, PI. xx.)
Upon potato the growth is rapid and thin, covering the entire sur-

face, and is of a pale yellow color.

This bacillus grows at a comparatively low temiterature, and its

vitality is not destroyed by exposure for an hour and a half iu a freez-

ing mixture at 15° C. below zero (5° F.).

Decided growth occurred iu a stick culture in gelatine exposed in

Baltimore during the mouth of January in an attic room (January 7 to

29). During the 22 days of exposure the highest temperature, taken at

9 a. m. each day, was 11° C, and the lowest, 2° 0. At a temperature
of ICP to 20^ C. development in a favorable culture medium is rapid.

There is no evidence that this bacillus forms spores ; cultures are

sterilized by exposure to a temperature of 60° 0. for 10 minutes.

Coagulated blood serum is liquefied by this bacillus. It retains its

vitality for a long time iu old cultures, having grown freely when
replanted at the end of a year from a hermetically sealed tube contain-

ing a pure culture iu blood serum.

My experiments on animals are given below in tabular form :

Animal. No.

liabbit.

Do.

Do.

Do.

Do

Do

Do

Do

Do

Do

Do

Do

Do

Sijio.

Very small

— do

...do

420 grama.

429 grams.

120 grama.

400 grams.

Large

Small

...do

Large

Small

Date.

1888.

May 28

Aug. IG

Aug. 10

Aug. 16

Aug. 20

Aug. 20

Aug. 20

Sept. 4

Sept. 11

Sept. 24

Sept. 24

Sept. 27

Sept. 27

Where injected.

Cavity of abdomen

.

Subcutaneoua

—do

Cavity of abdomen

.

Subcutaneoils

. .(lO

do

Cavity of abdomen.

...do

...do

...do :

....do

...do

Amount.

^ cci bouillon

Culture.

3 cc. bouillon

culture.

6 cc. bouillon

culture.

3 cc. bouillon

Culture.

...do ,

10 cc. bouillon

culture.

0 cc. bouillon

culture.

2 cc. gelatin

culture.

4 cc. gelatin

culture.

3 cc. gelatin

culture.

...do

2i cc. gelatin

culture,

li cc. gelatin

culture.

Eeault.

Recovered.

Do.

Found dead at ehd

of 10 hours.

Do.

Died at end of 48

hours.

Died at end of 2

hours.

Found dead at end

of 20 hours.

Do.

Found dead at end

of 4 hours.

Died at end of 3

hours.

Died at end of 4^

hours.

Eeooverod.

Found doad at end

of 20 hours.
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Animal. No. Size.

Small

555 gtams. ..

720 grams. .

.

750 grams..

874 grams.

.

720 grams.

.

1, 350 grams.

1,020 grams.

300 grams. .

.

200 grams...

75
i

1, 800 grams

Date. WUore injoctetl.

Do

Gninca pigs.

Do

Do

1, 750 grams

2, 000 grams

...do

550 grams. ..

480 grams. .

.

470 grams .

.

1, 750 grams.

1, 115 grams.

85 1, 015 grams

1, 735 grams.

1, 792 grams

1,770 grams.

1, 887 grams.

2, 430 grams.

1, 040 grams

1888.

Nov. 5

Dec. 5

Doo. 12

Dec. 15

Dec. 20

Dec. 18

Dec. 18

1889.

Jan. 2

Jan. 2

Jan. 3

Jan. 3

Jan. 3

Jan. 4

Jan. 4

Jan. 8

Jan. 8

Jan. 8

Jan. 8

Jan. 8

Jan. 9

Jan. 9

Jan. 15

Jan. 15

Jan. 15

Jan. 15

Jan. 15

Jan. 15

1888.

May 28

Aug. 10

Aug. 10

Subcutaneous

....do

...do

Cavity of abdomen.

...do

Small intestine—
...do

Ear vein •

do

Cavity of abdomen

Amount.

2 cCi gelatin

culture.

...do

...do ....

...do ....

Ear vein.

.do

Cavit.y of abdomen.

....do

do

....do

....do

do

do

do

....do

do

...do

do

....do

..do

..do

..do

Kesult.

3 cc. gelatin

culture.

1 cc. gelatin

culture,

i cc. gelatin

culture.

J cc. gelatin

culture.

i CO. gelatin

culture.

3 drops gela-

tin culture.

J cc. gelatin

culture.

1 cc. gelatin

culture.

....do

J cc. gelatin

culture.

3 drops bouil-

lon culture.

....do

1 cc. gelatin

culture.

4 cc. bouillon

culture.

2 cc. bouillon

culture.

1 cc. bouillon

culture.

1 cc. gelatin

culture.

1 cc. bouillon

culture.

J cc. bouillon

culture.

3 cc. gelatin

culture.

....do

J cc. gelatin

culture.

....do

....do

4 cc. gelatin

culture.

J cc. bouillon

culture.

1 cc. bouillon

culture.

....do

Recovered.

It'onud dead at end

of 20 bours.

Died at end of 24

hours.

Found dead at end

of 20 bours.

Found dead next

morning.

Result negative.

Do.

Found dead next

morning.

Died at end of 2i

hours.

Died at end of 7

bours.

Do.

Result negative.

Do.

Do.

Found dead at end

of 20 bours.

Do.

Do.

Do.

Do.

Result negative.

Do.

Died at end of 7

hours.

Died in 3 bours.

Diod in 7 hours.

Died in 3 hours.

Pound dead next

morning.

Died in 3 hours.

Result negative.

Do.

Do.
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A^iii 1118,1. No. Date. Wboro iiijoctod. Amount.

GniDoa pig .. 23

1889.

Aug. 13

Sept. 27

Sept. 27

Ann* 9^

Aug. 23

Aug. 23

Cavity of abdomen

....do

8 cc. gelatin

culture.

2 cc. gelatin

culture.

32

Tin oo00

White rats... I

....do

3 cc. bouillon

culture.

5 cc. bouillon

culture.

Do 2

Do 3 ....do

llesult.

Died next morning.

Do.

Result negative.

Do.

Do.

Do.

These experiments show that the bacillus of Gibier is very patbogenic
for rabbits when injected into the cavity of the abdomen in quantities
of 1 cubic centimetre or more, that it is less pathogenic for guinea-pigs,
and is not pathogenic for white rats when injected subcutaneously.
Gelatine cultures seem to possess more intense pathogenic power than
bouillon cultures, and cultures from the blood of an animal recently

dead as the result of an inocculation are more potent than those from
my original stock which had not been passed through a susceptible

animal.

The mode of death in rabbits is quite characteristic. A couple of

hours after receiving in the cavity of the abdomen 2 or 3 cubic centi-

metres of a liquefied gelatine culture the animal becomes quiet and in-

disposed to eat or move about. Soon after it becomes somnolent, the

head drooping forward and after a time resting between the front legs

with the nose on the floor of its cage. It can be roused from this con-

dition, and raises its head in an indifferent and stupid way when pushed

or shaken, but soon drops off again into a profound sleep. Frequently

the animals die in a sitting position with their nose resting upon the

floor of the cage between the front legs. I have not seen this lethargic

condition produced by inoculations with any other microorganism.

Convulsions sometimes occur at the moment of death.

The time of death depends upon the potency of the culture and its

quantity as compared with the size of the animal.

With a full dose of 3 to 4 cubic centimetres of a liquefied gelatine

culture death commonly occurs in from 3 to 7 hours.

The rapidity with which death occurs when a considerable quantity

of a liquefied gelatine culture is injected into the cavity of the abdomen,

and the somnolence which precedes death, give rise to the supposition

that the lethal effect is due to the presence of a toxic chemical substance,

rather than to a multiplication of the bacillus in the body of the animal.

And this view is supported by the fact that animals frequently recover

when the dose administered is comparatively small, and especially

when ib is injected subcutaneously. I have made a few experiments
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with cultures sterilized by beat for the purpose of testing the truth of

this supposition. The results are given below

:

Scpiemher 1, 1888.—Injected siibciifcaneoiisly into rabbit No. 34, 15 cubic centimetres

sterilized bouillon culture of Gibior's bacillus. Temperature at II a. m., before inocu-

lation, 102.(;'3
;
temperature at 12:30, after inoculation, 103.5°; at 2 p. m., 104.3''; at 4

p.m. ,105.8"; at6p. m., 105^. Soi)teuiber2, 9a. m., temperature 104°. Animal appears

well. Result negative except for the rise of temperature noted,

September G, 12 m.—lujscted into cavity of abdomon of small rabbit (weight 400

grammes), 5 cubic centimetres sterile gelatine culture of Gibier's bacillus. P^ound

dead September 8, at 8 a. m. Liver dark-colored; stomach, spleen, and intestine

normal.

Sepiemlwr 4, 11:30 a. m.—Injected into cavity of abdomen of rabbit No. 35 (weight

400 grammes), 2cubic centimetres sterilized geJatine culture of Gibier's bacillus. Re-

sult negative.

December 20, 1888.—Injected into cavity of abdomen of rabbit 66 (weight 972

grammes), 4 cubic centimetres sterilized gelatine culture of Gibier's bacillus, at 10

a, m. Temperature before injection, 101° F. ;
temperature at 1 o'clock, 101°. At 2:30

p. m. injected a second dose of 5 cubic centimetres sterilized culture into cavity of

abdomen. At 3:30 the animal is somnolent. At 4: 30 p.m. injected 4 cubic centi-

metres of same culture; temperature at 4:30, 100..5° F. At 5 p. ra. the animal seems

feeble and somnolent; temperatui-e at 6 p. n>., 102.2°. December 21, 10:30 a. m., the

animal seems better. Injected into cavity of abdomen 5 cubic centimetres of the

same sterile gelatine culture. December 29, the animal remains in good health and
was injected in the cavity of the abdomen with 1 cubic centimetre liquefied gelatine

culture, not sterilized, to test protective value of previous inoculations. Result of
injection negative.

My time having been fully occupied with other experimental work I

have not yet followed up this experiment upon the protective value of
inoculations with sterilized cultures, but infer from the above experi-
ment that the result of a careful experimental inquiry would establish
the fact that a certain degree of immunity, at least, may be conferred
by inoculations with culture fluids sterilized by heat.

The temperature of rabbits which receive a lethal dose of a culture
of this bacillus falls below the normal sometime oefore death. This is

shown by the following notes :

August 20, 10:45 a. m.—Injected subcutaneously into rabbit 32 (weight 420 grammes),
6 cubic centimetres bouillon culture of Gibier's bacillus. Temperature just before
injection, 102° F.

; temperature at 12 o'clock, 10,3°; at 1 o'clock, 103°; at 4 o'clock
p. m., 99°. Animal appears feeble and dull

;
temperature at 6:15 p. m., 99°. Found

dead next morning.

September 2'i, 10:30 a.m.-Two small rabbits, Nos. 51 and 52, injected in cavity of
abdomen with 3 cubic centimetres liquefied gelatine culture of Gibier's bacillus
At 12:30 both animals are very lethargic and somnolent

;
temperature in rectum 99° •

temperature at 1:30 p. m., 95°. One died at 1:30 and one at 3 p, m., both in couvul-
sions.

January Vo, 1889, 10:30 a. m.-Injected into cavity of abdomen of rabbit No 86
(weight 1,735 grammes), 3 cubic centimetres liquefied gelatine culture of Gibier's bacil-
lus. At 2 p. m. the animal is lethargic

; temperature, 99.8° F.
; temperature at 2:45

p. m.,9&^. D,ed in convulsions at 5:30 p. m. Temperature immediately after death
in rectum, 96°.

. '^''TJf.lt'
^"^^^ "'-I-'.i'^'^t^'^ cavity of abdomen of nxbbit No. 88

r A rT.T-- T'^""^^''''"
^"'^^^^"'''"oti-e gelatine culture bacillus fromfeces .,6, Decatur (G.b.er's bacillus). Temperature at 2 p.m.. 100.2°; is leth.-u-neTemperature .at 2:4.5, 98.5°, Dying at 5:30 p. n,.

; temperature, 96,6°. Died at 6pC
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lu all cases in wliicU death occurs, even when but a few hours have
elapsed since the inoculation was made, I have recovered the bacillus
iu cultures made from blood obtained from the heart or the interior of
the liver, and, as stated, these cultures appear to have a greater viru-
lence than those not passed tiirough the rabbit.

In sections of the liver and kidney stained with Loeffler's solution of
methyline blue the bacilli are seen, and are often in rather long jointed
Ulaments.

INJECTIONS INTO THE INTESTINE.

Upon my return from Havana in 1888 I admitted the possibility that
this bacillus might have an etiological relation to yellow fever, although
my culture experiments in 10 cases had only demonstrated its presence
in the contents of the intestine 3 times. I therefore made a variety of

experiments with it, and among others the following:

Novemier 27, 1888, Zp. m.—Injected iuto lumen of intestine of dog No. 2, small

black and tan, '2 cubic centimetres liquefied gelatine culture of Gibler's bacillus.

Animal died of peritonitis from tbe operation at end of 36 hours; liver and kidney

normal.

Novemher 27, 1888.—Injected into lumen of intestine of dog No. 4, 8 cubic centimetres

liquefied gelatine culture of Gibier's bacillus. Temperature taken for 8 days showed
no notable departure from the normal, and the animal made a good recovery.

December 4, 1888.—Injected into lumen of intestine of dog No. 5, 2 cubic centimeters

liquefied gelatine culture of Gibier's bacillus. Temperature taken for 7 days showed

no notable departure from the normal, and the animal remained well.

Deceniber 4, 1888.—Injected into lumen of intestine of dog No, 6, 2 cubic centimetres

liquefied gelatine culture of Gibier's bacillus. Temijerature taken for 7 days showed

no notable departure from the normal, and the animal remained well.

Deceniber 18, 1888.—lujectedinto lumen of intestine of rabbit 69 (weight 720 grammes),

one-half of a cubic centimetre li(]uefied gelatine culture of Gibier's bacillus. Tbe result

•wasnegative. On the 29th of December 1 cubic centimetre, liqeiified gelatine culture

was injected beneath the skin of this rabbit. The animal was found dead next morn-

ing, still warm ; difi'use cellulitis from point of inoculation ; stomach and intestine

enormously distended -with gas
;
spleen slightly enlarged ; intestine glued together

and to walls of abdomen by adhesions at point of previous operation.

December 18, 1888.—Injected into lumen of intestine of rabbit No. 70 (weight 720

grammes), one-half of a cubic centimetre liquefied gelatine culture of Gibier's bacillus.

Result negative.

The pathological appearances observed in rabbits which succumb to

a lethal dose of a culture of this bacillus are not very marked ; the

spleen is sometimes enlarged, but otherwise the abdominal viscera ap-

pear to be normal. When the injection is made subcutaneously a

diffuse cellulitis, extending from the point of inoculation, is frequently

observed.

THE BACILLUS OF LACERDA AND BABES.

In 1883 Dr. Lacerda, of Eio de Janeiro, having discovered what he

believed to be microorganisms in the liver and kidney of yellow-fever

cases, sent some of the material to Paris, to Dr. Babes. This bacteri-
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ologist demonstrated tbe iireseuce of a microbe iu this material aud

described it as follows

:

The filamenta appear uuitod aud boniogeiicons with an amplification of (iOO diame-

ters, but with a high power, one-twelfth hom.im., or No, 12 of Vorick (which corre-

epouds with the ono-eigliteeiith of Zeiss), one can assure himself that these filaments

are composed of elliptical grains, almost cylindrical, arraugod in pairs, forming little

groups in which they are united by an intermediary pale substance. The filaments

are thus composed of diplococci, or, if one wishes, of very short rods with terminal

spores.

Dr, Lacerda has described the orgauism referred to as iu filameuts

which branch dichotomously, and believes this branching to be a con-

stant and distiDCtive characteristic of the parasite, which he accepts as

the veritable yellow-fever microbe. He is without doubt mistaken.

The apparent branching of the filaments which he has described aud
drawn, and which he showed me in some of his preparations at the time

of my visit to Eio, is due simply to the accidental juxtaposition of the

torula-like chains. He is also mistaken iu supposing that this organ-

ism is only to be satisfactorily demonstrated by Gram's method of

staining. My friend, Dr. Goes, shared this belief at the time of my
visit to Eio, but I demonstrated to him the facility with which the
orgauism may be stained with a solution of methyliue blue, upon sec-

tions which he made for me from material iu Dr. Lacerda's laboratory.

Since my return to Baltimore I have made numerous sections from the
same material, aud find no difficulty in staining the organism present
in the tissues with methyliue blue or with fucbsin.

Babes himself has renounced the idea that this microorganism bears
an etiological relation to the disease under consideration. In the sec-
ond edition of '< Les Bacteries " he says ;

Since these researches we have had the opportunity to examine several series of
sections from yellow fever. First, the liver and kidney of two individuals dead from
this malady, collected by Dr. Alvarez, were examined iu the laboratory of patholo"-.
ical anatomy of the faculty of Paris, without any bacteria having been found

;
second,

material from three cases of yellow fever which Koch was kind enough to confide to
one of us. In these last three cases, notwithstanding the most scrupulous research
and notwithstanding the advice of Koch, it was impossible to find the little chains
in the brain, the kidneys, tbe liver, aud the spleen. Wo must suppose, then, that in
yellow fever, as in other infectious maladies, microbes .are only found iu the paren-
chymatous organs in certain cases, and not in all. The .luestion whether these mi-
croorganisms really constitute the cause of the malady, or simply a complication, isconsequently not resolved.

The fact that this microcirgauism Is not present in the liver and kid-
ney of forty cases in which I have made autopsies in Havana, is ample
evidence that its presence in the material from Dr. Lacerda's laboratory,wh^h was sent to Babes, was accidental, and bore no relation to the
etiology of the malady,

^itl^ report, a large series of slides

«?r«r.i
'^'^'^ stained by methods which demon-

strate the presence of this bacillus in material containing it. Various
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micro«rgauisms are present in some of these cases and have been re-
ferred to elsewhere, but neither Dr. Councilman nor myself, after a care-
ful search, have been able to find this bacillus in chains in the nunier-
ons sections examined by us. I shall submit at the same time a number
of slides stained by the same methods, and showing thin sections from
material brought by me from Dr. Lacerda's laboratory belonging to the
cases in which this bacillus was first found, and in these the bacillus is

well shown. There is, therefore, no question that its presence would
have been demonstrated in sections from my Havana material stained
in the same way if it were really present.

I insist upon this point because Dr. Frank Billings, in a letter dated
March 6, 1889, published in the "Medical Eegister" of Philadelphia,

states that he has found this bacillus in material from seven cases.

He says

:

Suffice it to say that each has been carefullj' examined, and in each the same orfijan-

ism found as described by me, March last, and in the Register last year, aud described

by Babes in 1885, and in only one specimen is there any pollution, and that but slight,

of a few specimens of a large bacillus.

Dr. Billings obtained his material through my friend Dr. D. M. Bur-

gess, of Havana, and it so happens that the material from two of the

six cases sent him by Dr. Burgess was from autopsies made by myself

at the military hospital. At Dr. Burgess's request I permitted him to

take material for Dr. Billings at these two autopsies which he assisted

me in making. At the same time I preserved material in alcohol aud

in sealed tubes for making cultures, as was my practice.

The two cases referred to are those given in Dr. Billings' list as fol-

lows :

5. Soldier, died of yellow fever in military hospital, Havana, June 3, 1888.

Autopsy 5 hours after death.

6. Soldier, died on June 6, 188S. Autopsy :5 hours after death.

These are the two last autopsies made by me in Havana, in 1888, and

are numbered in my list 9 and 10. My notes of these cases are as fol-

lows :

Autopsy No. 9, June 3, 1888: Soldier in military hospital ; sick 5 days; autopsy 5

hours after death. Collected material from liver, kidney, stomach, and intestine,

blood from heart, and urine from bladder. Numerous colonies of bacillus a developed

in cultures from blood, liver, urine, and kidney.

Autopsy No. 10, May 6, 1888 : Soldier in military hospital ; sick 5 days ;
autopsy 1

hour and 40 minutes after death. (Dr. Burgess is mistaken in giving the time as 3

hours.) Collected material from liver, kidney, stomach, and intestine, blood from

heart, and urine from bladder. No development in cultures from blood, liver, kid-

ney, or urine.

Since my return from Cuba numerous sections have been made from

the material preserved in alcohol from these two cases. These sections

have been made by myself, by my assistant, Dr. Emilio Martinez, aud

by my friend Dr. James E. Keeves of Chattanooga.
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The sections from case 9 show the same bacillus which was demon-

strated to be present in great numbers in the blood, liver, and kidney

by my cultures made from fresh material. This is my bacillus a, which

by a careful research I have shown to be identical with the bactermm

coli commune of Escherich.

As stated elsewhere, this is the microorganism which is most fre-

quently present in yellow-fever tissues, as shown both by the culture

method and in stained sections of material preserved in alcohol. It is

longer than the Babes bacillus and is not united in chains. No doubt

Dr.^Billiugs found the same bacillus in his material from the same

case, for it is present in very great abundance and is easily stained by

the usual methods.

In case 10 my cultures gave a negative result, but in my sections

from the Iddney and in those mounted for me by Dr. Eeeves there is

present a micrococcus. This is an exceptional case in this regard, being

the only one in which I have encountered micrococci. They are present

in some of the sections only, in masses blocking up the capillaries.

Dr. Billings seems not to have found them, as he says "in only one

specimen is there any pollution, and that but slight, of a few specimens

of a large bacillus."

Dr. Billings goes on to say

:

Fartlierinore, the organism is in the blood in every section and in great numbers,

every authority to the contrary. Now I do bold, also against all contradiction, that

in such a disease as yellow fever, where one finds one organism closely and sharply

in many sections and all parts of these sections, and in all these sections but two
specimens of another, that that organism is the cause of the disease of which the

individual died. Here we have seven " undoubted cases of yellow fever," in which

this one organism is present in immense numbers, so plentiful that I boldly say it is

want of technical ability both as bacteriologists and microscopists that others have

not found them. I will say further, that it is the same organism recently seen by
Dr. Reeves, of Tennessee, but where his material came from I do not know, but I

have one of his slides.

Is it then want of technical ability that has prevented Babes from

finding a bacillus, first demonstrated by him in the Eio material, in

other material carefully searched in order to confirm his discoverj'^ 1 I

have already quoted what he says, but repeat the quotation :

Since these researches we -have had the opportunity to examine several series of
sections of yellow fever

;
first, the liver and kidney of two individuals dead from this

malady, collected by Dr. Alvarez, were examined in the laboratory of Pathological
Anatomy of the Faculty of Paris, without any bacteria having been found; second,
material from three cases of yellow fever which Koch was kind enough to confide to
one of na. In these last throe cases, notwithstanding the advice of Koch, it was
impossible to find the little chains in the brain, the kidneys, the liver, and the spleen.

I may refer here to my researches prior to my visit to Brazil, and
quote from my previous report:

Desiring to supplement the observations made in Havana, in 1879, by further re-
searches, I wrote to my friend Dr. Daniel M. Burgess, of Havana, some time during
the summer of 1884, requesting him to obtain for me small pieces of liver, kiduev.

4067 12
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and stomach from one or more typical cases of yollow fever. I made it an «.«AnHoi
condition that the autopsies should he made .M thiu an hourc^^^ZZl^lhours after .leatl,, so that there u.ight he no question of post-mortem change Sn 111p.eces of the organs named .-ere to he put at ouco into a large quantity of stron,alcohol In comphauce with my request Dr. Burgess ohtaiucd aul forwarded to mematenal from two cases, which reached me in good condition, and upon microscopicexanunation the hver and kidneys showed the pathological changes constantly found
in the disease in question. During the winter of 1884 I mounted numerous thin
sections from this material, stained with various aniline colors. In nouc of them did
I find any microorganisms, except upon the surface of the mucous memhrane in sec-
tions of the stomach, where various organisms-hacilli and micrococci-were to he
seen in properly stained sections. These were, however, only upon the surface at-
tached to the epithelium, or mingled with a granular debris adhering to the surface
of the mucous memhrane. In the autumn of 1885, during a visit to Dr. Koch's labor-
atory in Berlin, I had an opportunity to avail myselfof the suggestions aud valuable
assistance of the master in bacteriology, and again studied the material which Dr.
Burgess had sent me from Havana by the various methods of staining considered to
he most useful in such a research. At the request of Dr. Koch I Avas Assisted by Dr.
Carl Seitz, who was at the time engaged upon his studies of the typhoid bacillus,
and was an expert in staining and mounting thin sections of the tissues. Dr. Seitz
and myself examined numerous sections of liver and kidney stained by various
methods, with an entirely negative result so far as the presence of microorganisms
was concerned. After my return to Baltimore, in 1886, I again made numerous sec-
tions from the same material and stained them with LrofBer's alkaline solution of
methyliue blue, which we had also used in Dr. Koch's laboratory, and with other
aniline colors, hut without any hetter success.

The following summer I went to Brazil, where I had no difficulty in

demonstrating the presence of Babes bacillus in material containing it,

preserved in Dr. Lacerda's laboratory, by exactly the same method of

staining (Loeffier's solution) which had given me a negative result with

the material examined in Koch's laboratory aud in Baltimore.

Finally, Dr. Billings accords to Dr. Eeeves of Chattanooga the tech-

nical skill necessary to demonstrate the presence of this bacillus. He
says :

" I will say further that it is the same organism recently seen by
Dr. Eeeves, of Tennessee, but where his material came from I do not

know, but I have one of his slides."

This statement has induced me to place iu Dr. Reeves hands material

from a series of twenty-five cases. He has made for me from this ma-

terial a series of slides which certainly exhibit technical skill of a high

order
;
they are stained especially to demonstrate the presence of micro-

organisms, and various bacilli are present in those which represent

certain cases. These I have described in the proper place, but they do

not show the presence of the bacillus of Babes which Dr. Billings says

is present in all his material ''in every section and in great numbers,"

At my request Dr. Councilman has gone over these slides of Dr.

Eeeves "with great care and the result of his examination fully accords

with my own. Moreover, Dr. Eeeves' sections show bacilli in the same

cases as do those mounted by myself and my laboratory assistant.

They have no advantage over my own iu the demonstration of micro-

organisms present.
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With reference to the slide mounted hy Dr. Beeves which Dr. Bill-

ings has seen, 1 have no doubt it is one of those made by him from my
Decatur material. I made but three autopsies in Decatur, and the ma-

terial preserved from these was placed in alcohol which was sent me
in a tin can from a neighboring town. I have always suspected that

this alcohol was not of sufficient strength to properly preserve the

tissues. On my way home from Decatur I stopped over for a day to

see my friend, Dr. Eeeves, who begged me to give him some of my
yellow-fever material for study. Upon opening the box containing it

I found that one of the bottles was broken and the alcohol had escaped.

I therefore left all of the material with Dr. Keeves, requesting him to

place the fragments from the brolien bottle into fresh alcohol, and to

hold the whole subject to my order.

To make a long story short, Dr. Eeeves found in sections from one of

these cases bacilli in great numbers, which were photographed for him
by Dr. Detmers, of OJiio. The sections containing those bacilli con-

tained also other bacilli and micrococci. The bacillus present in greatest

abundance resembles in its morphology my bacillus a ; it certainly is

not the bacillus of Babes.

F.o. 21._Bacillu8 of Babes in kidney, yellow fever. Material from Dr. Lacorda's laboratory in Rio
Janeiro.

The morpliology of the bacillus of Babes and its distribution in tho
tissues are shown in Fig. 21, which is taken from my article on yellow
fever m Wood's Handbook of the Medical Sciences. The bacillus is

elZeuirifd'o'
''''' amplification for the tis^e
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Dr. Babes' drawings of the same bacillus will be found ou p. 525 of

bis work, " Les Bactories," Paris, 188G, 2d edition.

All pathological exports to whom I have shown a duplicate of the sec-

tion from which Dr. Detmers' photographs were made agree with me
that the microorganisms present represent a post-mortem invasion of

the tissue, and of the particular piece of tissue from which the section

was made. The outer margin of the piece is evidently invaded by

putrefactive organisms. Whether this piece came from the broken

bottle I can not say, but I attach no importance to the finding of

microorganisms in this material under the circumstances mentioned,

and I have excluded these Decatur cases from further consideration,

as I have an abundance of material in which I have greater confidence

from the autopsies made in Havana in 1888 and 1889.



VIII -DESCRIPTION OF MICROORGANISMS ISOLATED FROM

YELLOW-FEVER CADAVERS, AND THE ALVINE DISCHARGES

OF THE SICK.
BACILLI.

No. 1 : Bacterium coli commune (Escbericli). My bacillus a.

This is the bacillus which I liave obtained most frequently in iny

cultures from the blood and tissues, and whicli has been present most

constantly and abundantly in my plate cultures (Esmarch roll-tubes) in

flesh-peptone-gelatine from material obtained post mortem from the

stomach and intestine, and from the alvine discharges of the sick.

Being a facultative anaijrobic, it has also been the microorganism most

constantly found in my anaerobic cultures in glycerine agar.

The characters of this bacillus are given as follows in a paper read

by the writer at the meeting of the Association of American Physicians

held in "Washington in September, 1888 :

Bacillus a is from IJ to 4 times as long as broad, and has a diameter of about 0.6

of a micromillimetre ; tbe dimensions vary considerably, however, indifferent cul-

tures, and even in tbe same culture. Under certain circumstances tbe euds of tbe

rods are seen to be more deeply stained tban tbe central portion. This appearance

is not, however, constant, and seems to depend upon the age of the culture, and upon

the time during which it is subjected to the action of the staining reagent. The ends

of the rods are more or less rounded, and they are often associated in pairs.

Young colonies in gelatine (Esmarch tubes) have a pale straw color which after-

ward becomes pale brown
;
they are spherical and homogeneous, or lobate. Colonies

which come to the surface often present the appearance of a rosette, or of a flower

with its petals expanded, as in the daisy. From cultures in which lobate colonies

and rosettes were the prevailing form I have obtained in a second series of Esmarch
tubes, made from a single typical rosette, colonies which were not lobate, and which
did not form rosettes (spherical straw-colored homogeneous colonies); and in these

cultures superficial colonies when youug have the appearance of a fragment of broken
glass; later they present an irregular margin, and a more or less wrinkled appear-
ance of the interior. These are the characters of the bacillus / found as the prevail-

ing form in my cultures from tbe stomach and intestine in my last two cases.

It is a very curious fact that during the last week of my stay in Havana I failed

entirely to obtain my bacillus a in lobate colonics and rosettes, although I have three
times repeated the experiment of making a series of Esmarch tubes from a single

181
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typical colony iu form of rosette in Esmarcli tnbos prosorved from my earlier casesIn every instance I have hart instead colonies which are identical with those i„ (itl.erEsmarch tuhos mocnhited at the same time from sin-le colonies of my bacillus/ of
case <J and case 10. As the morpholo-y of tlio bacilli is also the same I an, forced to
the conclusion that bacillus a and bacillus/ are one and the same, and that the char-
acter which during my earlier experiments I found to be constant-t. e., the colonies
in form of a rosette-is not so, but that under certain circumstances, at present un-
determined, this bacillus forms lobate colonies and rosettes, and under other condi-
tions homogeneous spherical colonies in the deeper portion of the gelatine, and broken
glass colonies upon the surface. Later these colonies have an irregular, vitreous-
looking margin, and the interior has a brown color, more or less intense.

In my cultures made iu 1889 the bacterium coli commune was again
the bacillus most frequently encountered, but the rosette colonies found
so commonly in my earlier culture experiments in 1888 were not ob-
served except in one or two instances.

My identification of my bacillus a with the bacterium coli commune
of Escherich is the result of a careful study of cultures iu various media,
made side by side with it. I quote again from my paper above re-

ferred to

:

Since my return to Baltimore I have given much time to the elucidation of the
question referred to. It is evident that if identity is once established with any
known bacillus found elsewhere than in connection with yellow fever, the micro-
organism can be excluded as the possible specific cause of this disease. But the
present status of bacteriology makes it also evident that great care must be taken
in assuming the identity of microorganisms from different sources, and that morpho-
logical characters or even similarity of growth in culture media will not alone suffice.

Any constant difference in physiological characters, as for example in pathogenic

power when tested on various animals, must be accepted as establishing a siiecific

form, or a permanent variety, which amounts to the same thing. We now know, for

example, two spirilla which resemble closely the spirillum of Asiatic cholera (the

Finkler-Prior spirillum and the "cheese spirillum" of Deneke), but which have,

nevertheless, been shown by carefully conducted experimants to be different in certain

particulars which would easily escape notice upon a superficial comparison.

I have felt that with this knowledge to guide me I could not lightly exclude any

microorganism as common, and especially that a bacillus which was so prominent

by reason of its constant and abundant presence should receive careful consideration.

Two bacilli have been described, both of which are found in the intestines of

healthy individuals, which in their morpholo gy resemble my bacillus a, found in

the alimentary canal of yellow-fever cases. These are the Bacillus NeapoKtanus of

Emmerich and the Baclcriim coli commune of Escherich. Both of these microiirgan-

isms have been the object of extended studies by German bacteriologists, and

especially the bacillus of Emmerich, on account of his claim that it is the specific

etiological agent in the disease with which he found it associated. This claim has

not been substantiated ; on the other hand, it has been shown by Weisser * that " in

human feces, normal as well as abnormal, in the air and in putrid material, bac-

teria are found, which in their morphology, their biological functions, and their

pathogenic action upon animals are identical with the so-called Naples cholera-

bacterium of Emmerich."

I have had for comparison a culture of the Emmerich bacillus, originally from one

of the bacteriological laboratories of Germany, preserved in the collection main-

* Ueber die Emmerich'schen sogenannten Neapler Cholorabacterien. Zeitschrift fiir

Hygiene, Band I.
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tained under the direction of Prof. William IL Welch in tlio pathological laboratory

of Johns Hopkins Univorsity. . For a ciiltnre of tlicljactmium coli coniiiiune I am
indebted to Dr. William D. Booker, of Baltimore, who had it directly from Esclier-

icli. Tlie characters of both of these microorganisms have been carefully defined,

but I find no account of the lobate colonies (deep), or of the superficial colonies in

the form of rosettes, which became for me, during my earlier experiments in Havana,

the diagnostic character by which I recognized my bacillus a in gelatine Esmarch

tubes. By lobate colonies, I mean that instead of being spherical and homogenous,

the colonies are divided into a small number of distinct masses without losing their

spherical outline. In some cases this apparent segmentation of the colonies ex-

tended further, and they became coarsely granular in appearance. The superficial

colonies in the form of rosettes also varied considerably, the margins being sometimes

made up of symmetrical lobes, shajJed like the petals of a daisy—marguerite—and at

others being more deeply cleft and dentate. If this character ofgrowth had proved to

be constant it would suffice to differentiate my bacillus a from the two microorganisms

in question. But it proves not to be constant, and since my return to Baltimore I

have only obtained these rosette colouios exceptionally, and have not been able to

determine the precise conditions which determine their formation. But I have
ascertaiued that, cultivated side by side in the same media and under the same con-

ditions of temiieratiire, the colonies formed in gelatine Esmarch tubes are identical

in the case of my bacilhis a, and the colon bacillus of Escherich. The growth upon
• agar-agar and upon potato is also identical, and the reducing power upon litmus
added to sterilized milk.

My gelatine cultures have been made in flesh-peptone gelatine containing 20 per
cent, of gelatine, instead of 10 per cent, as in Koch's original formula. I have found
this to stand the summer heat of Baltimore without liquefaction, and during the
mouths of May and Juue used it with great satisfaction in Havana for Esmarch
tubes and stick cultures. It will stand a temperature of about 68° F, (30° C), and
80 far as I can see answers as a culture medium for diagnostic purposes quite as well
as that containing 10 per cent, of gelatine.

The idea which I had entertained that isolated colonies in Esmarch tubes should
give me p\ire cultures of a single organism has proved not to be true in many instances
in my first series of tubes inoculated with material from the intestine or stomach,
and it seems probable that such colonies frequently originate from little masses of
associated microorganisms, rather than from a single bacillus. In making gelatine
stick cultures in 20 per cent, gelatine from single Esmarch colonics of my bacillus a,
Ihavefrequeutly had, both in Havana and since my return to Baltimore, an out-
growth at intervals along the line of puncture, which is shown in Fi"-. l of the plate
accompanying this paper (Plato V). This consists of feathery tufts growiu.r out into
the gelatine. To test the question whether these tufts represent a different^microcir-
gamsm or a different mode of growth 9f the same, I have several times carefully
broken the test tube containing a growth like that shown in Fig. 2, and have madea stick culture in gelatine from the feathery tuft and also from that part of the stickwlach was free from tbese outgrowths; one fro.n the tuft has been a similar growth
all along the Ime of puncture, as shown in Fig. 3; the other has resembled pre-
cisely that portion of the original stick culture which was free from these out-rowths

T.'
"'""^^ clilierentiation, I designated the tufted growlh bacillus L The nrorphology of the bacillus when cultivated in bouillon or obtained fromWie surface of an agar or gelatine culture appeared to be identical with that of ba-

cillus a; but preparations mounted directly from the feathery tufts showed thattogether with short oval bacilli of the typical form, there were numerous lontfilaM^ents like that shown at a, in Fig. G. A very curious thing about mv stick^ultnres of this bacillus ^ ma.le in Havana, was that after a few days they u sumeda brownish color, which in time became black.
^ -assumed
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In cultivating Eininericli'H l.aciilus in 20 por cent. Rblatino at a tcitnperatnro of 28°
to :}0 C. (82.4° to 86" F.) I havo obtained tlio same radiating foathery growth as is
presented by my bacillus I. Thh is shown in Fig. 4, which, lilio the other figures
Illustrating this paper, is copied from a photograph made by myself. This mode of
growth, 80 far as I know, has not been described, but I have no reason to doubt the
authenticity of the stock from which the culture was made. The growth upon potato
and tlie morphology correspond with the descriptions of those who have specially
studied this bacillus, and with my bacillus I. I am therefore forced to the conclusion
that they are identical. The morphological characters of this bacillus are shown in
Fig. 6, which is made from a bouillon culture of bacillus I, separated, as heretofore
stated, wliile in Havana, from a stick culture of my bacillus a (Ziac<eriam coU commune
of Escherich).

I must now call attention to Fig. 5. This is from a stick culture in 20 per cent,
gelatine of the colon bacillus of Escherich, obtained from him, as heretofore stated,
through Dr. Booker, of Baltimore. We havehere a feathery outgrowth along the lino

of puncture,which appears to be Identical with that shown in Fig. 1 from my bacillus a.

To test the question of identity I broke this tube and made a stick culture in 20 per
cent, gelatine from the tuft at a, and another from the clear portion of the column
above this point. The result was a growth in the first tube like that from which the

inoculation was made, similar to Figs. 3 and 4, and in the second tube the charac-

teristic growth of the colon bacillus, viz, spherical, light brown colonies crowded
together into a central core at the upper part of the puncture, but more or less dis-

tinct and separate at the lower extremity. Thus it will be seen I have had the same
result from this authentic culture of the colon bacillus which was sent by Escherich

to Dr. Booker, and had been passed through a series of Esmaroh tubes by the last-

named bacteriologist, as that obtained in Havana and since in Baltimore from stick

cultures of my bacillus a. This forces me to one of two couclusious : Either the colon

bacillus of Escherich and the bacillus of Emmerich may remain associated after pass-

ing a culture containing them through a succession of plate cultures (Esmarch tubes)

or the so-called bacillus of Emmerich (my bacillus I) is a variety of the colon bacil-

lus—a sport which is produced under certain circumstances, and which retains its

distinctive character for a certain time. I am not prepared at present to decide this

question in a definite manner, but propose to keep it in view in my future studies of

these microorganisms.

I have since obtained the same tufted outgrowth in gelatiue stick

cultures from single Esmarch colonies of my bacillus a in cultures from

feces made in Decatur, Ala., and from the contents of the stomach and

intestines of yellow-fever cadavers, made in Havana in 1889. Although

not constant, this outgrowth is so common in my stick cultures in

20 per cent, gelatine that I have come to look upon it as one of the

distinguishing characters of the colon bacillus.

'riiigge speaks of this bacillus as having ^^geringe Beiveglichkeit,^^ and

Eisenberg in his Bakteriologische Diagnostik, says :
" Triige beweglich."

I have never been able to convince myself that the colon bacillus, either

in my cultures from yellow-fever cadavers, etc., or from Escherich's

stock, obtained by me from Dr. Booker, has any proper vital move-

ments. I have observed in hanging drop cultures motiou in sitn, which

I take to be molecular, although it is not as active as the molecular

movemeuts of inorganic particles are often observed to be. It is rather

a gentle swinging motion of the little rods in the direction of their
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long axis, and is not attended with a change of location of individual

rods with reference to others in the same field.

Wbilo ill riiivaiiji and since iny rotnru to Baltimore I have made numerous inocu-

lation experiments in rabbits and <;ninoa pigs, witli cultures of tbis bacillus. Tlie

general results obtaiucd may bo briefly stated as follows:

Tlie injection into the cavity of tbe abdomen of a considerable quantity of a bouil-

lon culture, for a full grown rabbit from 3 to 5 cubic centimetres, causes a decided
elevation of temperature, which may aiuount to more than 2" C. (3.6° F.), and death
usually occurs within2 to 4 days. A certain proportion of thoanimals, however, sur-

vive these large doses, and in smaller amounts (loss than 2 cubic centimetres) recovery
is the rule. That the febrile movement is due to a ptomaine produced during the active
development of the microorganism is indicated by the fact that cultures sterilized by
heat (70° C ,

158° F.) for 10 minutes likewise give rise to a temporary rise of tem-
perature.

In fatal cases in which nonsterilized cultures were injected into the cavity of the
abdomen, I have recovered the bacillus from tbe blood and tissues, in pure cultures,
and these possess pathogenic properties identical with those shown by the origiual
cultures.

The number of bacilli present in the blood and liver is comparatively small, as is
shown by the examination of stained-smear preparations.
The most striking post-mortem appearance in animals which succumb to an intra-

peritoneal iujectiou is a rosy hypeiiBinia of the small intestine. The liver is dark in
color, full of blood, and rather soft. The spleen is normal in appearance.
These results show that in its pathogenic properties, as well as in its morphology

and growth in culture media, my bacillus a corresponds with the bacterium coli
commune of Escherich, and consequently that it is not the specific etiological agent
in yellow-fever. *

The following is a partial record of experiments made:
Mayl5,im, I p. m.-Injected into cavity of abdomen of rabbit No. 2 one-halfcubic centimetre bouillon culture of bacillus a. Result negative.
May ir,, 1:30 p. m.-Injected into cavity of abdomen of rabbit No. 3, 2 cubic centimetres bouillon culture bacillus a ; 3:20 p. m., temperature 104.5° • May 16 7 a in

abdomen 3 cubic centimetres bouillon culture bacillus a. Found dead at 6 am,
^ay 15, I p. m.-Injected into cavity of abdomen of rabbit No. 4, 2 cubic centimetres bouillon culture of bacillus a. Temperature at 3:30 p. m., 104^

; May leTt 7a. m., temperature 105.5" : 3 p. m. 104 50- Mnv 17 7 . .v, 7 ,
^viay at 7

7 a.m., found dead.
P' ™- ^^^'^

.

May 1., 7 a. m., appears better. May 21,

il/ay 20.—Injected into cavity of abdomen of ribbif ^Tn r, o 1
•

Jiiay 18, 12:30jj. -Injected into cavity of abdomen of r-ibbit 7 ir , •

12m., 39.40; 4pm 39 8° 20 fin + ^ ^ ' *«'"Pei'ature 39.6^ C;
_ ^

P- 20, 6 a. m., temperature 39.5° C At 12 m Mn^»n

May IJ, 6 a. ni., tcraperaluro 41°, gave a third does of
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3 cubic contimctors Htorilo cnlfcnro; 12 ni., tomporaturft 40'^, injoctcd a fourth doso of
3 cubic centiinctorH stoiilo cultiiro; 4 p. in., tenipemtiiro 41.1", iujectod 3 cubic ccnti-
inetor8 sterile culture; 8 p. m., tompenituro 41.(5'^, iujocted 3 cubic ccntinieterH ster-
ile culture. May 20, 6 a. m., temperature 40.5°, injected 5 cubic centimetres sterile

culture; 12 m., temperature 39.2°. Died at 4 p. m. May 21, liver large and rather
soft; spleen, normal; intestine, normal.

May 22, 12 7n.—Injected into a small rabbit, No. 9, 2 cubic centimetres mixed bouil-

lon and agar cultures, bacillus a
;
result, negative.

May 22, 12 /».—Injected into a small rabbit, No. 10, 2 cubic centimetres of a mixed
bouillon and agar culture, bacillus a ; found dead next morning.

Mrti/ 31.—Injected into cavity of abdomen of rabbit No. 13, 3 cubic centimetres

bouillon culture of bacillus a; found dead at 6 a. m. June 2; liver dark in color and
rather soft, stomach and intestine normal.

July 2G, 1889, 7 a. m.—Injected into cavity of abdomen of rabbit No. 128, 4 cubic

centimetres culture in agua coco of bacillus a from yellow fever feces No. 3. July 27,

3 p. m., the animal is quite feeble
; 28, 6 a. m., found dead

;
i)eritouitis.

May 13, 6: 15^. m.—Injected subcutaneously into guinea-pig No. 1, 2 cubic centi-

meters bouillon culture bacillus a. May 14, 7 a. ra., appears sick and declines food

;

May 15, appears better
;
May 16, eats a little

;
May 17, appears dull

;
May 18, died at 8

a. la. Liver appears to be ofa lighter color than usual (fatty ?); bladder, empty ; stom-

ach, empty; large intestine filled with a dark-liquid, bloody, resembling that some-

times found in intestine of yellow fever cadavers ; reaction slightly acid. Bacillus a

recovered in cultures from blood of heart and from liver.

May 18, 12 m.—Injected subcutaneously into guinea-pig No. 2, 2 cubic centimetres

bouillon culture bacillus a; 4 p. m., temperature 39.2°; 8 p. m., 38.7°. May
19, (5 a. m., temperature 38.7°, animal appears sick; 12 m., temperature 39.5"; 4 p.

m., tomperature 39.2°. May 20, 6 a. m., temperature 38.4°; 12 m., 38.3°. May 21,

12 m. 38.7°. May 22, 6 a. m., tomperature 38.2" ; animal appeared well and was

used for another experiment.

May 18, 12 m.—Injected into guinea-pig No. 3, 10 cubic centimetres sterilized cul-

ture of bacillus a ; 5 cubic centimetres in cavity of .ibdonieu, and 5 cubic centimetres

subcutaneously. Temperature in rectum immediately after injection 39.2° C; 4 p.

m., 38.2°; 8 p! m., 38.3"; May 19, C a. ui., temperature 38.6°; 12 m., 38.6°; 4:30 p.

ra. 39.4°; May 20, 6 a. m., temperature 39.8"; 12 m.,39.20; May 21, 12 m., 38.8";

May 22, remains well.

May 18, 12 m.—Injected into cavity of abdomen of guinea-pig No. 4, one-half a

cubic centimetre bouillon culture bacillus a. Temperature immediately after injec-

cion 39.0"; 4 p. m., temperature 40.5"; 8 p. m., 39.6"
;
May 19, 6 a. m., temperature

38.6° ; 12 m., 39.3"
;
May 20, 6 a. m., temperature 39.5"

;
May 21, 12 m., temperature

38.9" ; the animal rem incd in good health.

Upou my return from Havana, in 1888, I was still uncertain whether

the little tufts developed along the line of puncture in gelatine stick

cultures of my bacillus a were to be considered a " wuchsform" of this

bacillus, or an associated bacillus which was specifically distinct. As
'

already stated I made cultures from these tufts by breakiug the test-

tube, and designated this bacillus I. The following experiments upon

animals have been made with pure cultures of the bacillus obtained in

this way :

Baltimore, Julyd, 1888.-Injected subcutaneously into rabbit No. 25, 4 cubic centi-

metres bouillon culture of bacillus Z. Result negative.

Baltimore, September 1, 1888.-Injected subcutaneously into rabbit No. 33, lo cubic

centimetres sterilized bouillon culture bacillus I. Result negative.
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Ball'more Juhj 10, 1888.—Injected into cavity of abdomen of guinea-pig No. 8, 1,

Cnbic centimetre liouillon cnltnre of bacilliiH 7. July 12, 15 p. ni., the animal was very

sick and was killed, rentouitis ; small intestine hyperasmic ; livei' dark in color;

Bpleou slightly enlarged.

Baltimore, July 10, 1888.—Injected into cavity of abdomen of guinea-pig No. 9, 4

cubic centimetres bouillon cultures of bacillus I. Animal found dead morning of

July 13. Small intestine hypeiiemic ; liver dark in color; gall bladder distended
with a clear fluid.

Baltimore, July 16, 1888.—Injected subcutaueously into guinea-pig No. 10, one-half
cnbic a centimetre bouillon culture bacillus I. Result negative.

Baliimore, July 16, 1888.—Injected subcutaueously into guinea-pig No. 11, 2 cubic
centimetres bouillon culture bacillus I. Result neffaiive.

Baltimore, July 16, 1888.—Injected into cavity of abdomen of guinea-pig No. 12,

one-half a cubic centimetre bouillon culture, bacillus I. Result negative.
Baltimore, July IQ, 1888.—Injected into cavity of abdomen of guinea-pig No. 13,

one-half a cubic centimetre bouillon culture, bacillus I. Result negative.
Baliimore, July 21, 1888.—Injected into lumen of intestine of small black dog, 3

cnbic centimetres bouillon culture bacillus I. Result negative.
Baltimore, July 21, 1888.—Injected into lumen of intestine of large dog, 4 cnbic

centimetres bouillon culture bacillus I. Result negative.

These experiments will suffice to show that this bacillus does not
produce, in the animals experimented upon, any symptoms or patho-
logical changes which can be identified with those of yellow fever in
man.

NO. 2. BACILLUS x (HAVANA, 1889.)

The general results ofmy culture experiments in 1888 having enabled
me to exclude the supposition that the specific infectious agent in the dis-
ease under investigation is a liquefying microorganism, I have naturally
turned my attention to the nonliquefying bacilli present in the alimeil-
tary canal, and in certain cases obtained in my cultures from the tissues
The one most constantly and abundantly present, my bacillus a, having
been excluded, I have given much time to the study of other iion-
iquefymg bacilli associated with it, and especially to that one which Ihave designated by the letter and which, for the present, 1 shall giveno other name. ^

This bacillus resembles the bacterium coH commune (bacillus a) in itsmorphology, although somewhat larger; and its colonies in gelatine
roU.tubes are also quite similar, especially when young. It ?s, how-ever, fuly differentiated from the "colon bacillus" by its patho^enlpower when injected into the peritoneal cavity of rabbits

^
''"'^^^"'^

I am now satisfied that this bacillus was present in my cultures madefrom the intestine of yellow-fever cadavers in 1888, altLugrfdid notfierentiate it from my bacillus a at that time. This is shown by thepathogenic potency of certain cultures supposed to contain only badlus a while pure cultures in bouillon, made from single colonies prm^dot to be pathogenic. The apparently contradictory results obtl'ued

el rti^rre^:r''^ ^'^^ -piai;trnowDelieve this to be the true explanation. 1 first recognized this bacillus
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by its pathogenic power, in experiments starting from material ob-
tained from tlie liver of case 18 (autopsy May 13, 1889). Three minims
ot this material, containing also the large anai-'robic bacillus designated
by the letter N in my experiments made at this date, was injected into
guinea pig ITo. 43. Death occurred at the end of 14 hours. " A second
guinea pig (No. 45) was inoculated with 3 minims of bloody serum from
the subcutaneous connective tissue of the lirst. At the end of 48 hours
there was a pouch in the abdominal walls containing a collection of
bloody serum. A little of this was drawn off in a capillary tube, and
cultures made from it. It was in these cultures that I first recognized
my bacillus x. Its great pathogenic power when injected into the
cavity of the abdomen of rabbits was first demonstrated by the follow-
ing experiment

:

Havana, May 22, 12 m., 1889,—Injected into the cavity of the ahdomeu of rabhit
No. 108, 1 cubic ceutimetre culture of bacillus x iu glycerine agar. At 2:30 p. in. the
animal is lying upon its side breathing slowly, aud is evidently dying; died at
2:40 p. n3.

Other experiments, showing the virulence of cultures of this bacillus,

will be given later. My object at present is to point out the fact that
it is differentiated from bacillus a by this pathogenic power.
Iu my subsequent researches I have obtained this bacillus iu about

one-half the cases, either directly in my cultures from material con-

tained iu the small intestine, or indirectly iu my inoculation experi-

ments upon rabbits aud guinea pigs. It does not follow that it was
not present in those cases iu which I have not demonstrated its pres-

ence. My autopsies at this time followed each other in quick succes-

sion, aud a complete bacteriological study of each case was impracti-

cable. If the colonies in gelatiue roll-tubes had presented well-marked

differences from those of the colon bacillus, the matter would have been

greatly simplified; but I did not feel justified in attempting to decide

that bacillus x was present in such tubes from an examination of the

colonies alone, or from this and the examination of a stained prepara-

tion together. Nothing short of the inoculation of a pure culture into

the cavity of the abdomen of a rabbit seemed to me at that time to

suflfice for the differentiation. The difficulty is increased by the fact that

the colonies of both bacilli vary considerably iu the same medium at

different times. In general, however, the deep colonies of bacillus x

are more opaque, and of a deeper brown color than those of the colon

bacillus, and the superficial colonies are thicker and more opaque. The

difficulties referred to prevent me also'from estimating with any degree

of accuracy the relative abundance of bacillus x in the contents of the

intestine. I do not hesitate to say, however, that the colon bacillus

has been the most constant aud most abundant microorganism in my

cultures from this source. I have more frequently obtained bacillus x

iu my inoculation experiments than in cultures made directly from the

conte4its of the intestine or material from the liver kept iu an anti-
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septic wrapping. It bas been frequently present in cultures made from

the liver of animals which have died from such inoculations.

CIIARACTEKS OF BACILLUS X.

This bacillus varies considerably in its morphology, as is shown by

my photomicrographs. In recent gelatine cultures it is often so short

aii oval in form that it might be mistaken for a micrococcus. In cul-

tures in bouillon or in cocoanut water it resembles the colon bacillus,

but is larger—1/1 or more in diameter. The rods are often united in

pairs, and in the same culture may vary considerably in length (Pig. 3,

PI. Yi). In potato cultures they are seldom seen as long as in Fig. 2,

ri. YI, which is exceptional in this regard, and led to the suspicion that

another bacillus had, by accident, taken possession of the sterilized

potato on which bacillus .v had been planted. But upon making gela-

tine roll tubes from this culture it proved to be a pure culture of bacil-

lus .r, and upon replanting it on another potato presented its usual

form. In my photomicrograilh from this potato culture it will be observed

that some of the rods present the appearance of not being filled out at

the ends, and others show a faint line at the extremity, which seems to

include a vacuole, or unstained extremity of the rod. This is an ap-

pearance which I have frequently noticed not only in potato cultures,

but in those in various liquid media. When stained preparations are

examined with the full light of the Abbe condenser, the ends of some
of the rods appear to be cut away, leaving a concave extremity; but

by using a small diaphragm to obtain definition it will be seen that the

cell wall extends beyond the stained portion of the rod and includes

what appears to be a vacuole. There is no reason to believe that this

appearance is due to the presence of an end spore, for the supijosed
vacuole is not refractive, as a spore would be, and my experiments on
the thermal death point of this bacillus indicate that it does not form
spores. Cultures are sterilized by exposure for 10 minutes to a tem-
perature 160O F, (71.20 0.),

A very curious thing, with reference to this bacillus, is that it pre-
sented active movements in my cultures made directly from yellow-
fever cadavers, but that these movements were not constant, and that
since my return to Baltimore I have not, as a rule, observed activ^e

movements in cultures from the same stock, which, however, preserved
their pathogenic power and other characters. In Havana these move-
ments were usually not observed in all the bacilli in a field under ob-
servation, but one and another would start from a quiescent condition
on an active and erratic course; sometimes spinning actively upon its
axis, and again shooting across the field as if propelled by a fiagellum.
My notes indicate that cultures passed through the guinea-pig are

more apt to bo motile, but my attention had not been called to this
until now that I am engaged in writing them out. Tlius I find recordedm my Havana notes "Single colonies from guinea-pig No, 13G thQ
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bacillus is actively motile ; also from gelatiiic stick culture of 2 days
made from single colony; also motile in cultures in cocoanut water at

times; at other times not. The movements are rapidly progressive or

rotatory."

This culture from guinea-pig No. 13G was one of the stock cultures

which 1 brought home with me, and which has served for my experi-

ments in Baltimore. It came through a series of inoculated guinea

pigs from the liver of case 28, as follows :

Havana, July 16, 7:30 a. m., 1889.—lujectecl subcutaneously into guinea-pig 153

5 minims Mood and crushed parenchyma from liver of case 28 * containing bacillua

N., etc. At 12 ni. the animal is running about the cage in the usual restless and.

eccentric manner. Died at 10 p. m. Extensive effusion of bloody serum, with sepa-

ration of the skin over abdominal walls ; various bacilli in this bloody serum.

July 17, 8 a. m.—Injected subcutaneously iuto guinea-pig 154 5 minims of bloody

serum from cellular tissue of guinea-pig 153. Convulsions at 8:30 a. m., July 18.

Died at 12:30. Extensive subcutaneous cedema aud softening of tissues. Liver

r.ather dark in color, spleen somewhat enlarged. Culture from liver large motion-

less bacillus (n), and smaller motile bacillus (x). ^
July 18, 5 J),

m.—Injected into guinea-pig 157 4 minims of bloody serum from con-

nective tissue of guinea-pig 154. July 20 : The animal has an extensive collection

of bloody serum in the walls of the abdomen (some of this was drawn off and in-

jected into guinea-pig 160, which died at end of 20 hours). July 21 : The animal has

been very sick, but seems better. Killed at 5 p. m., July 21; liver dark in color,

abdominal viscera normal.

July 20, 7:30 a. m.—Injected subcutaneously 4 minims of bloody scrum drawn dur-

ing life, from subcutaneous connective tissue of guinea pig No. 157 into guinea pig

No. 160. Died at 12:30, July 21. No subcutaneous cedema, librinous deposit on

surface of liver, which is rather light in color, stomach hyperuemic. Obtained bacil-

lus X in cultures from liver.

It is from this source, and from another series, started from case 18,

that my experiments with bacillus x have been made.

Turning now to my Baltimore notes I find: "Recovered bacillus

from spleen and liver of guinea-pig 190, and spleen of 189. In this

culture ill cocoanut water, at the end of 24 hours, bacillus x is actively

motile, as in my first cultures in Havana."

These two guinea pigs received, by subcutaneous injection, on the

17th of December, 1889, 1 cubic centimeter of a culture of bacillus x

in cocoanut water, one week old. The experiment was made to see if

bacillus X could be recovered after an interval of several days. The

animals remained in apparent good health (bacillus x alone does not

kill guinea pigs when injected subcutaneously). On the 23d of Decem-

ber the animals were killed and cultures made, with the usual precau-

tions, from their liver aud spleen.

All of these contained bacillus x in pure cultures, and actively motile,

as in Havana. With this exception I have not observed active move-

ments in my numerous cultures of this bacillus since my return to

Baltimore. That it was tJ^eJ^^ble^^vhich I recovered from the

^r^,;i~7;;~;r;^ i> l^ours after death, aud smoar prcp-

{iratious from the liver showed the presence of bacilU,
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above-mentioned guinea-pigs was demonstrated by making cultnres in

gelatine roll tubes, etc.
, i +i

In -elatine stick cultures the growth of bacillus x resembles that of

the colon bacillus, but the colonies at the bottom of the line of punc

tare are more opaque and not of a clear amber color like that ot colonies

of the colon bacillus. Upon the surface the growth is thicker than that

of the colon bacillus, and forms a milk white, soft mass, Fig. 7, PI. Vi.

The tufted outgrowth observed so frequently in gelatine stick cul-

tures of my bacillus a does not occur in similar cultures of this bacillus.

This bacillus is a facultative anaerobic.

It grows well in agar cultures and especially in glycerine agar, in

which it produces some gas and an acid reaction. The growth on the

surface of glycerine agar cultures is white, cream-like in consistency,

and quite abundant.

It grows well in an agar or gelatine medium, made acid by the addi-

tion of 0.2 per cent. (1:500) of hydrochloric, acid.

In cocoauut water it multiplies rapidly, producing a milky opacity of

the previously transparent fluid, an acid reaction, and an evolution of

carbon dioxide.

On potato it produces a thick layer, which may cover the entire sur-

face in three or four days, and wliich has a dirty- white, cream-white, or

pinkish-white color, and cream-lilce consistencj'. The growth upon po-

tato varies at diftereut times, cvideiitly owing to differences in the-potato.

This is shown by my notes with reference to the potato culture from

which my photomicrograph was made. Fig. 2, PI. vi.

la potato culture, slide 1681, uegatlve 573, bacillus x has grown as a tbiu cream-

white layer; the roils are louger than usual, and have vacuoles at the ends as ob-

served in Havana. E.smarcb roll-tubos from this x)otato show it to ho <i pure culture

with typical colonies, one of which (slide 1689) shows elemeuts of various lengths,

some short oval. Another potato culture from the above gives the usual short oval

form. The growth of the first potato with long form is more scanty than usual, and
white in color; the potato is not discolored; another potato inoculated from this one
turns bluish, the growth is abundant and of a yellowish-white color. The first potato
has an acid reaction, the second is neutral or slightly alkaline.

The colonies in gelatine Esmarch roll-tubes vary considerably at

different times. Deep colonies are usually spherical, homogeneous,
light-brown in color, and more opaque than the similar colonies of the
colon bacillus. At the end of a few days the deep colonies become
quite opaque and may be lobate like a mulberry, or coarsely granular;
sometimes the deep colonies have an opaque central portion surrounded
by a transparent marginal zone.

In old gelatine roll-tubes these deep colonies form opaque, white
hemisi)heres, projecting from the surface of the dried culture medium,
and little tufts of acicular crystals are sometimes observed to project
from the side of such old colonies.

The superficial colonies are circular or irregular in outline, with trans-
parent margins and an opaque central portion, sometimes corrugated.
They are finely granulq,r and iridescent by reflected light, and of a
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milk-white color
;
by transmitted light they have a brownish color.

Young colonies closely resemble those of the colon bacillus (a). This
bacillus grows well at a temperature of 20° C. (08° F.), but more rapidly
and luxuriantly at a higher temperature, 30° to 35° 0. Its vitality is

not destroyed by exposure in a freezing mixture of ice and salt for 2
hours. The thermal death point is between 140° and 145° F. (00° to 02°

0.), but to insure the sterilization of cultures contained in test-tubes or

flasks I am in the habic of subjecting them to temperature of 100° F„

Bacillus X is pathogenic for rabbits when injected into the cavity of

the abdomen.

This is shown by the following experiments arranged in tabular

form

:

INJECTED INTO CAVITY OF ABDOMEN;

Woight
in grams.

small

large

1, 000

large

meduiiu

...do ...

1,500

1,500

1, 100

1,350

1,200

1, 425

1,425

030

910

1,250

1, 330

945

1,090

1,300

1, 250

1.520

1,710

2, 270

Date.

1889.

May 22

May 24

Jime 5

June 27

Juno 29

July 25

July 25

July 26

July 28

Aug. 8

Aug. 12

Nov. 16

Nov. 18

Nov. 19

Deo. 13

1890.

Jan. 3

Jan

Jan

Jan

Jan. 31

Feb. 26

Feb. 26

Mar. 3

Mar. 10

Mar. 10

Mar. 10

Apr. 2

Culture.

13

13

31

Glycerine agar.

Agar culture. ..

Veal broth

Agua coco

...do

..do .

..do .

..do .

..do .

..do ,

..do ,

..do .

..do .

..do ,

..do

...do

...do

...do

Blood serum.

...do

....do

....do

....do

Bouillon

do

....do

...do

Amount.

1 cc.

.

1 cc.

.

10 cc.

1 cc.

.

IJ cc.

3 cc .

4 cc.

.

3 cc.

4 cc.

.

2^ cc.

3 cc.

5 cc.

,

3 cc,

1 cc.

IJ cc

1 cc.

3 cc.

3 cc
2 cc

2 cc.

11 cc

i cc

2 cc.

5 cc

.

8 cc
10 cc

14 cc

Result.

Died at end of 2 liours and 40 minutes.

Re.sult negative.

Died at end of 5J hours.

Died at end of 11 hours.

Recovered.

Died at end of 5 hours.

Died at end of 2 hours.

Died at end of 3 hours.

Died at end of CJ hours.

Died at end of 9J hours.

Died at end of 22 hours.

Died at end of 21 hours.

Died at end of 4 hours.

Died at end of 2 hours.

Died at end of 3 hours.

Recovered.

Dead next morning.

Dead morning of Jan. 15 (48 hours).

Dead at end of 3 liours.

Dead next morning (22 hours).

Do
Do

Do
Dead at end of 3 honrsf.

Found dead next morning.

Do
Died at end of 30 hours.

SUBCUTANEOUS INJECTIONS INTO RABBITS.

1889.

largo May 20

...do .... May 24

June 5

Juno 27

1800.

1,520 Mar. 13

Gelatine culture

Agar culture....

Veal broth

Agua coco

Bouillon

3 drops

2 drops

i cc

1 cc. ...

2 CO

Result negative.

Do.

Do.

Died at cud of 30 hours.

Result ucgative.
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INJECTIONS INTO EA.R VEIN OF RABBITS.

1889.

210 ],2C0 Dec. 17 A fill n coco 2 minims.. Result negative.

1890.

218 1,180 J.1I1. 8 3 minims.. Do.

210 1,575 Jan. 8 i minims Do.

The negative results obtained in injecting cultures beneath the skin

or into the ear vein of rabbits show that this bacillus does not induce a

fatal septicasmia in these animals, and the fatal result when injections

are made into the peritoneal cavity does not appear to be due to au

invasion of the blood, but rather to the local effects upon the peritoneum

together with the toxic action of the chemical products resulting from

its growth.

It is true that I have always been able to recover the bacillus from

the liver, or from blood obtained from one of the cavities of the heart,

even in animals which succumb within a few hours to an injection made

into the cavity of the abdomen. But the direct examination of the

blood shows that the bacilli are present in very small numbers, and

leads me to believe that the bacillus does not multiply, to any consid-

erable extent at least, in the circulating iiuid.

The spleen is not enlarged, as is the case in anthrax, rabbit septi-

ctemia, and other diseases in which the pathogenic micro-organism mul-

tiplies abundantly in the blood.

On the other hand there is evidence of local inflammation in the peri-

toneal cavity. When death occurs within a few hours the peritoneum

is more or less hyperiemic and there is a considerable quantity of straw-

colored fluid in the cavity of the abdomen. When the animal lives for

24 hours or more there is a decided peritonitis with a fibrinous exuda-

tion upon the surface of the liver and intestine.

In the above table it will be seen that the most of the animals in-

jected in the cavity of the abdomen died within 24 hours, but I shall

shortly give some experiments in which death occurred at a later date
as a result of a partial protection from previous injections made. In
these cases the results of a fibrinous peritonitis, with adhesions, are
clearly seen. I have spoken of the exudation upon the surface of the
liver and intestines in animals which die at the end of 20 hours or more
as " fibrinous." Under the- microscope it is seen to be composed largely
of leucocytes, and these commonly contain bacilli in their interior, as is

seen in my photo-micrograph, Fig. 1, PI, VL Whether a genuine phagy-
cytosis occurs I have not yet detinitely determined, but propose to give
my attention to the question hereafter. In one case, in which au animal
was killed some days after receiving an injection into the peritoneal
cavity, there was evidence of fibrinous peritonitis, and the liver was
cirrhotic. In several other cases the liver has also seemed to me to be
harder than normal, but no definite evidence of recent connective tissue

40G7 13
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growth has beeu made out in thin sections of the organ. Usually the
liver in animals which die within 24 hours is full of blood, rather soft,

and dark in color. In a siugle instance I found .the liver to be of a light
color, and loaded with fat. As the animal was excessively tat and this

was an exceptional case, I have not supposed that the observation is

entitled to any special weight in estimating the evidence with regard to

this bacillus from an etiological point of view.

The rapidly fatal effect in those cases in which \ have injected 2 or

more cubic centimeters of a culture into the cavity of the abdomen has
led me to suppose that death results from the toxic effects of a ptomaine
contained in the culture at the time of injection. The symptoms also

give support to this supposition. The animal quickly becomes feeble

aud indisposed to move, and some time before death lies helpless upon
its side, breathing regularly, but is too feeble to get up on its feet when
disturbed. Death sometimes occurs in convulsions, hut more frequently

without, app(irently from heart failure.

My experiments upon guinea-pigs are given in the following table.

They show that this bacillus is less pathogenic for these animals than

for rabbits.

Experiments on guinea-pigs.

No.

60

78

104

119

121

155

162

163

168

169

170

171

172

189

190

2U
205

Date.

1889.

May 29

June 3

June 13

June 2i

June 26

July 17

July 21

July 22

Nov. 16

Nov. 18

....do ..

Nov. 20

....(lo ..

Dec. 17

....do ..

Culture.

1890.

Mar. 10

...do ...

Agna coco

.

...do

Glyc. agar

.

Agua coco

.

...do

...do

do

...do

...do

....do

...do

...do

...do

....do

....do

Bouillon

... do ...

Amount.

J cc.

1 CO.

i cc.

1 cc.

Joe.

i cc.

i cc.

1 CO.

J CC.

2cc.

3 CO.

ice.

ice.

1 cc.

1 cc.

6cc.

2 CO.

Where injected.

Subcut

...do

...do

...do

...do

...do

...do

...do !

...do

Cavity of abdomen

do

Subcut

.. do

...do

....do

Cavity of abdomen

....do

Ecsult.

Negative.

Very sick, but recovered.

Result negative.

Dead at 6 a. m. next morning.

Sick 2 days, but recovered.

Dead next morning.

Eesult negative.

Do.

Do.

Dead at end of 20 hours.

Do.

Result negative.

Do.

Do.

Do.

Dead at end of 18 hours.

Do.

I have made the following experiments on dogs

BaHimore, November 16, 10:30 a. m., 1889.-Iu,iecte(l into cavity of abdonion of small

pnppy, 3 moutlis old, 2 cubic centimetres of a ciiltiire of bacillus x in agna coco. At

2 p m' tlie (log appeared qnite sick and indisposed to move and continned so during

the afternoon. Temperature in rectum at 4 p. m., 104<^ F. November 17, 9 a. m.,

the do- appears well; temperature. 100.2«. November 18th, continues ^vell
;
tem-

peratui"e, lOP. On this dale, at 10:30 ». m., injected into cavity of the abdomen o
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cubic ceutimotres culture of bacillus x in agua coco. Temperature at 3:30 p. m..

102 4^'. Dosr appears lively. Next day apparently well.

liaUvnore^Novcnher 19. 10:30 a. m.-Iujected into cavity of abdomen of small

puppy, 5 months old, 4 cubic centimetres culture of bacillus x in agua coco. Tem-

perature just before injection, 102.4°; temperature at 3 p. m., 103.8O; the ammal is

evidently sick and lies cinietly in its box. November 20, 10 a. m., seems better, but

still quiet; temperature, 102.6°. November 21, jumps about and appears perfectly

well.

EXPERIMENTS WITH CULTURES STERILIZED BY HEAT.

Havana, July 26, 18^9.—lujected into cavity of abdomen of rabbit 129, 4 cubic

centimetres sterile culture bacillus x in agua coco. Result negative. •

Juhj 28, 1889.—Injected into cavity of abdomen of rabbit No. 130, 8 cubic centi-

metres sterile culture of bacillus x in agna coco. Result negative.

July 30, 1889.—Injected into cavity of abdomen of rabbit 137 8 cubic centimetres

sterile culture bacillus x in agua coco. Result negative.

July 30, 1889.—Injected into cavity of abdomen of rabbit 138 10 cubic centimetres

sterile culture bacillus x in agua coco. Result negative.

August 21, 1889.—Injected into cavity of abdomen of rabbit 182, weight 1,000 grams,

7 cubic centimetres sterile culture bacilhis x in agua coco. Result negative.

These experiments show that the death of animals which have re-

ceived in the cavity of the abdomen 2 or 3 cubic centimetres of a nou-

sterilized culture of bacillus x is not due alone to the toxic action of a

ptomaine present in the culture, but depends upon the presence of the

living bacilli, unless in the process of sterilization at 160° F. the ptoma-

ine has been destroyed. The latter supposition is worthy of attention,

and the question may be determined experimentally by injecting cul-

tures from which the bacilli have been removed by filtration.

I have made a few experiments with a view to determining whether

animals which have received full doses of sterilized cultures have any
subsequent immunity from the effects of non-sterilized cultures.

Ballivxore, Nov. 28, 1889.—Injected into cavity of abdomen of rabbit 198 C cubic

centimetres sterile culture bacillus x (animal weighs 1,000 grams). December 11, 9

a. m., injected into cavity of abdomen 2 cubic centimetres culture bacillus x in agua
coco. The animal died at the end of 7 hours after receiving this injection.

BaUimore, March 4, 1890.—Injected into cavity of abdomen of rabbit No. 274, weight
1,480 grams, 5 cubic centimetres sterile culture bacillus x in bouillon with 5 per cent
glycerine. March 10, 9 a. m, .animal in good health, weighs 1,375 grams. Injected
into cavity of abdomen 4 cubic centimetres culture bacillus x in bouillon with 5 per
cent, of glycerine. Dead next morning at 8 o'clock.

March 6, 1890.—Injected into cavity of abdomen of rabbit 2.'jl, weight 2,170 grams,
10 cubic centimetres sterile culture bacillus x in bouillon with 5 per cent, glycerine.
March 10, 9 a. rn., the animal appears well

;
weight 1,750 grams. Injected in cavity

of abdomen 5 cubic centimetres culture bacillus x with 5 per cent, glycerine. Died
in convulsions at 8.30, March 12.

March 13, 1890.—Injected into cavity of the abdomen of rabbit 26C, w-eight 640
grams, 4 cubic centimetres sterile culture bacillus x in bouillon with 5 per cent,
glycerine. March 18, 9.30 a. m., in good health; weight (ilO grams. Injected into
cavity of abdomen 2 cubic centimetres bouillon culture bacillus x. March 22, 10 a.
in

,
ill good health; weight 610 grams. Killed and abdominal viscera found to be nor-

mal ill appearance.

March 13, 1890, 12 m.—Injcclcd into cavity of abdomen of rabbit 207, weight 645
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grams, 4 cubic ccntiinetroa sterile culture bacillus x in bouillon with 5 per cent.
t?lycorino. Marcli 18, remains well

;
weight (510 grams. Injected into cavity of abdo-

men y cubic centimetres bouillon culture bacillus x with 5 per cent, glycerine.
Animal died at 3 p. m. next day. 4h\
March 10, 1890.—Injected into cavity of abdomen of rabbit No. 282, weight 1,100

grams, 12 cubic centimetres sterile culture bacillus x, in bouillon with 5 per cent,
glycerine. March 22, 11 a. m., remains in good health

; weight J ,030 grams. Injected
in cavity of abdomen 5 cuhic centimetres culture bacillus x in bouillon with 5 per
cent, glycerine. Found dead next morning; intense fibrinous peritonitis.

It will be seen that these experiments give somewhat contradictory
results; some of the animals survived a lethal dose of a nonsterilized
culture after having received a full dose of a sterile culture, and others
did not. But in those which succumbed the time of death appears to

have been delayed. Thus in experiment of March 13 a small rabbit
which received at noon 2 cubic centimetres of a nonsterilized culture

did not die until 3 o'clock the next day, while another rabbit of about
the same size survived the injection of a similar amount (March 13).

In another experiment (March 6) a large rabbit received a dose (5 cubic

centimetres) which usually kills within 3 or 4 hours, but died at the

end of 48 hours.

Still the experiments as a whole do not give satisfactory evidence of

immunity as a result of the injection of sterilized cultures, and T am
inclined to look uj)on the partial immunity afforded as due rather to a

tolerance on the part of the peritoneum than to a general tolerance of the

toxic products present in cultures of this bacillus. This view is sup-

ported by the fact that I have had even more decided evidence of im-

munity from the previous injection into the cavity ot the abdomen of

other bacilli.

This is shown by the following experiments :

March 10, 1890.—Injected subcutaneously into rabbit 258 I cubic centimetre li(iuo-

fied gelatin culture of bacillus pyocyanus. March 22, 10 a. m. weight 2,085 grammes

;

injected into cavity of abdomen 2 cubic centimetres liquefied gelatin culture of bacil-

lus pyocyanus. March 27, 2 p.m., in good health, weight 1,675 grammes; injected into

cavity of abdomen 4 cubic centimetres culture of bacillus x in bouillon with 5 per

cent, glycerin. April 2, 11 a. m., weight 1,735 grammes
;

injected into cavity of

abdomen 4 cubic centimetres culture bacillus x in bouillon with 5 per cent, of glycerin.

No result.

March 10.—Injected into cavity of abdomen of rabbit No. 255, weight 2,120 grammes,

10 cubic centimetres sterile ciiltnre of bacillus acidiformans. March 18, 10 a. m.,

weight 1,300 grammes; injected into cavity of abdomen 5 cubic centimetres culture

bacillus X in bouillon with 5 per cent, of glycerin. March 22, weight 1,290 grammes;

thin and rather weak ; killed ; some evidence of peritonitis; liver apparently cirrhotic.

3[arch 15.—Injected into cavity of abdomen of rabbit No. 275, weight 550 grammes,

one-half cubic centimetre liquefied gelatin culture of bacillus 36. March 22, weight

630 grammes; injected into cavity of abdomen 1 cubic centimetre culture bacillus x in

bouillon with 5 per cent, glycerin. March 27, remains well; weight 750 grammes;

injected into cavity of abdomen 2 cubic centimetres bouillon culture of bacillus x.

Found dead on the morning of Marcli 29.

Note.—As a rule, 2 cubic centimetres of the culture of bacillus x would kill a

rabbit of this size within 4 hours. We have, therefore, evidence of a certain degree

of tolerance as a result of the previous injections.
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March 17 1890.-Injected snbcntaneously into rabbit No. 276, weight 515 grannnos.

1 enulncL bouil.oa cult.u-e of bacillus gracilis March 22 ,n S-d _.ealth
;
.n-

iected into cavity of abdomen 2 cnbic centimetres culture bacillus g.ac.l.s m bou 1-

"n Vlt^^^ 560 granuucH
;
injected into cavity of abdomen 2^ cubic cent.-

;::tres cilt;'' bacillus . in" bouillon with 5 per cent, glycerin. Animal remains in

^"Irrln'-Sected subcntaneously into rabbit 277. weight 1.740 grammes, H cubic

centLetres bouillon culture Clostridium cadaverinus. March 22,weight2.010 grammes;

iuiocted into cavity of abdomen 2 cubic centimetres bouillon culture bacillus gracilis.

March 27, weight 1.890 grammes ;
injected into cavity of abdomen 3 cubic centimetres

culture bacillus X in bouillon with 5 per cent, of gelatine. April 2, weight l./OO

grammes; injected in cavity of abdomen 4 cubic centimetres culture bacillus x in

bouillon with 5 per cent, glycerin. April 4, in good health ;
killed at 11 a. m.

;
some

fibrinous exudation upon surface of liver, intestine, and spleen; cirrhosis of liver.

March 18, 1890.-Iujected subcntaneously into rabbit No. 279, weight 690 grammes, 3

cubic centimetres bouillon culture of bacillus pyocyauus. March 22, 11 a. m., weight

780 grammes ;
injected into cavity of abdomen 2 cubic centimetres liquefied gelatin

culture bacillus pyocyauus. March 27, 1 p. m.. weight 795 grammes; injected into

cavity of abdomen 3 cubic centimetres culture of bacillus x in bouillon with 5 per

cent, glycerin. Animal died at 1 p. m., March 28.

March 18, 1890.—Injected into cavity of abdomen of rabbit No. 280, weight 940

grammes, 5 cubic centimetres sterile culture of bacillus gracilis in bouillon. March

22, weight 1,060 grammes; injected into cavity of abdomen 3 cubic centimetres bouil-

lon culture of bacillus gracilis (not sterilized). March 27, weight 1,155 grammes

;

injected into cavity of abdomen 2 cubic centimetres culture of bacillus a; in bouillon

with 5 per cent, of glycerin. April 2. weight l.OdO grammes; injected into cavity of

abdomen 4 cubic centimetres culture bacillus x in bouillon with 5 per cent, glycerin.

April 4, in apparent good health ; killed at 10 a. m. ; no peritonitis, no development in

gelatin stick culture from liver.

Note.—A larger rabbit, weight 2,270 grammes, succumbed to an injection of 1^ cubic

centimetres of the same culture, injected on the 2d of April, at the end of 29 hours.

In this animal the autopsy revealed an intense fibrinous peritonitis.

March 31, 1890.—Injected into cavity of the abdomen of rabbit No. 283. wejght

1,220 grams, 1 cubic centimetre culture bacillus gracilis in bouillon. April 4, 11 a.

m.. weight 1,140 grammes ;
injected into cavity ofabdomen 4 cubic centimetres culture

bacillus X in bouillon with 5 per cent, of glycerin. Found dead at 8 o'clock next
morning; some peritonitis and considerable fluid in cavity of abdomen.
March 31. 1890.—Injected into cavity of abdomen of rabbit 284, weight 1.560

grammes, 1 cubic ceutermetre bouillon culture of bacillus gracilis. April 4, 11 a. m.
weight 1,425 grammes

;
injected into cavity of abdomen 4 cubic centimetres culture

bacillus X in bouillon with 5 per cent of glycerin. Animal survived injection.

March 31.—Injected into cavity of abdomen of rabbit 285, weight 910 grammes, IJ
cubic centimetres bouillon culture bacillus gracilis. April 4, 11 a. m., weight 980
grammes; injected into cavity of abdomen 4 cubic centimetres culture of bacillus x in

bouillon with 5 per cent, of glycerin. Animal died on fourth day after injection.
April 8, at 2 p. m., no peritonitis.

March 31, 1890.—Injected suhcutaneously into rabbit 286, weight 1,280 grammes, 2
cnbic centimetres culture of bacillus gracilis in bouillon. April 4, 11 a. m., weight
1,240 grammes

;
injected into cavity of abdomen 4 cubic centimetres culture bacillus x

in bouillon with 5 per cent, of glycerin. Animal found dead on the morning of
April 11 ;

no peritonitis. Bacillus of rabbit scptictemia obtained in culture from
liver.

NoTK.—It is probable that the preceding rabbit also died from rabbit septicjvmia
which at this date carried ott' a number of rabbits kept in the same cage, among
others, three which had injected in the cavity of the abdomen a sterilized culture of
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bacillus pyocyauus. Pure cnlturee of bacillus caiiicuiacida were obtained from the
blood of all of these.

I have made a few experiments to determine whether any protection
is afforded by subcutaneous injections or injections in the ear vein.

These are given below.

Decemhern, 1889.—Injected iuto the ear vein of rabbit No. 210, weight 1.260 grammes,
2 drops of culture bacillus x in agua coco. January 3, 10 a. m., injected iuto cavity
of abdomen 1* cubic centimetres culture of bacillus x in agua coco

;
February ?,, 10 a.

ui., weight 850 grammes, very thin and feeble; injected into cavity ot abdomen 2
cubic centimetres culture of bacillus x in blood serum. Dead next morning.
DecemUr 17, 1889.—Injected into the ear vein of rabbit 211 4 drops of culture of

bacillus X in agua coco. January 3, 10 a. m., injected into cavity of abdomen 1 cubic
centimetre culture bacillus x in agua coco. Found dead on the morning of January
8 (5 days). No peritonitis, no bacilli found in liver.

January 8, 1890.—Injected into ear vein of rabbit 218, weight 1,180 grammes, 3 drops

of culture of bacillus x in blood serum. Februry 3, 10 a. m,, weight 1,710 grammes,
injected into cavity of abdomen 2 cubic centimeters culture of bacillus a; in blood

serum kept in-oven at 20° C.for 20 days. February 6, 10 a. m., weight 1,600 grammes

;

injected into cavity of abdomen 5 cubic centimetres culture bacillus x in bouillon

with 5 per cent, glycerine in oven at 35° C. for 3 days. Dead next morning at 8

o'clock.

March 13, 1890.— Injected into ear, not in vein but into connective tissue, 5 drops

of a bouillon culture of bacillus x. March 18, 10 a. m., weight 2,010 grains
;
injected

into cavity of abdomen 3 cubic centimetres bouillon culture bacillus a;. Dead next

morning at 8 o'clock.

March 13, 1890.—Injected subcutaneously into left side of rabbit 265, weight 1,520

grammes, 2 cubic centimetres bouillon cxilture of bacillus x. March 18, in good health,

weight 1,450 grammes injected into cavity of abdomen 4 cubic centimetres culture

bacillus X in bouillon with 5 per cent, of glycerine. March 22, 10 a. m., in good health,

weight 1,320 grammes. Killed, some fibrinous peritonitis.

In the following experiment a rabbit which survived the injection of

1 cubic centimetre in the cavity of the abdomen succumbed at a later

date to a larger quantity :

January 3, 1890.—Injected into the cavity of the abdomen of rabbit 216, weight

1,425 grammes, 1 cubic centimetre of a culture of bacillus x in agua coco. February

3, 10 a. m., the animal has had an abscess in the middle of belly and is now very thin,

weight980 grammes; injected iuto cavity ofabdomen 2cubic centimetres culture bacil-

lus x in blood serum. Died at 12 ni., February 4. Adhesions of intestine from old

peritonitis ; considerable fluid in cavity of abdomen ;
liver very small and rather dark

in color.

Experim.ent of March 13 gives evidence of immunity resulting from a

subcutaneous injection, but more experiments are necessary to estab-

lish this point.

The experiments in this series do not support the idea that an infec-

tious disease is produced in the rabbit by inoculating it with cultures

of bacillis x, but a partial immunity from the effects of intra-peritoueal

injections appears to result from previously introducing the bacillus

into the circulation.

As already stated the evidence favors the view that death results

from peritonitis (and toxaemia !) induced by intra peritoneal injections,

and that a tolerance on the part of the peritoneim may be established by
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the injection of cidtiires of certain other bacilli, or of sterilized cultures of

bacillus x:
. ^ i i.

•

1 have also made a number of experiments witli a view to determine

the eliects of temperature upon the virulence of cultures of this

bacillus.

FREEZING DOES NOT DESTROY VIRULENCE.

Fehyuary 5, 1890, 10 a. m.-Injected into cavity of abdomen of rabbit No. 228,

wei-lit 775 grammes, 2 cubic centimetres culture of bacilhis x in blood serum, frozen

for 2 hours iu ice and salt n.ixture. Dead next morning at 8 o'clock. Bacillus x m
pure culture recovered from liver.

,
, •

i x

Fehuanj 5, 1890, 10 a. m.—Injected into cavity of abdomen of rabbit 229, weight

810 .rramnies, 2 cubic centimetres culture bacillus x in blood serum, frozen 2 hours in

ice and salt mixture. Dead next morning at 8 o'clock. Bacillus x in pure culture

recovered from liver.

For the following experiments the cultures were made at a tempera-

ture of 20° G.

January 31, 1890, 9:30 a. m.—Injected into cavity of abdomen of rabbit 223,

weight 1,250 grammes, 2 cubic centimetres culture bacillus x iu blood serum. No. 5 of a

series cultivated at intervals of 3 days in incubating oven at 20° C. Found

dead on return to laboratory at 12:30 a. m.

February 26, 1890, 9:30 a. m.—Injected into cavity of abdomen of rabbit 234,

weight .945 grammes, li cubic centimetres culture bacillus a; in blood serum, No, 8 of a

series at 20° C. ; culture was 22 days old at time of injection. Animal dead next

morning at 8 o'clock.

February 26, 1890, 9:30 a. m.—Injected into cavity of abdomen of rabbit 335,

weight 1,090 grammes, one-half cubic centimetre culture bacillus x in blood serum

(same culture as used for rabbit 234), culture No, 8 of series at 20^ C, 22 days old.

Animal dead next morning at 8 o'clock.

For the following experiments the cultures were made at a tempera-

ture of 35° 0.:

January 3, 1890, 9:30 a. m.—Injected into cavity of abdomen of rabbit No. 229,

weight 1,330 grammes, 2 cubic centimetres culture bacillus x in blood serum, No. 5 of

series at 35° C, culture 3 days old. Animal found dead next morning at 8 o'clock.

Pure culture of bacillus x from fluid in peritoneal cavity,

February 3, 1890.—Injected into cavity of abdomen of rabbit No. 227, weight 955

grammes, 2 cubic centimetres culture of bacillus x in blood serum, No. 3 of series at

;J5° C, culture 12 days old. Animal survived injection, and on March 5 w^eighed

1,340 grammes. At 10 a. m. this date injected into cavity of abdomen 4 cubic cen-

timetres culture bacillus x in bouillon with 5 per cent, glycerine, 3 days in oven at
3.5" C. Animal dead next morning at 8 o'clock.

February 27, 1890.—Injected into cavity of abdomen of rabbit 232, weight 920
grammes, H cubic centimetres culture bacillus x in blood serum, No. 8 of series at
35° C, culture 22 clays old. Animal survived injection, and on March 6 weighed 850
grammes. 10 a. m. injected into cavity of abdomen 4 cubic centimeters culture
bacillus z in bouillon with 5 per cent, of glycerine. Found dead next morning at
8 o'clock.

February 27, 1890, 9:30 a. m.—Injected into cavity of the abdomen of rabbit No. 233,
weight 895 grammes, 1 cubic centimetre culture bacillus x iu blood serum, No. 8 of
series at 35° C. (same as used for rabbit 232), culture 22 days old. Auimal died at
7:30 p, m.
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iho oxpernnents in tl.is series indicate that virulence is diminisl.edb> keeping-
a culture for sonm ti.ne at 35o 0, but show that the aninuilswinch survived an intra-peritoneal injection with these attenuated cul-tures are not protected from the lethal effects of a recent culture

1 would say finally with reference to this bacillus that I have not
encountered it in my comparative researches made by the same methods
upon cadavers from other diseases than yellow fever.

In a single instance I obtained bacillus a; in a culture from the liver
of guinea pig 179, inoculated with 3 drops of material from the liver of
a case of tuberculosis kept 48 hours in an antiseptic wrapping.
The animal died on the sixth day after receiving the inoculation and

I recovered from the effused serum in the subcutaneous connective
tissue, a bacillus which presented all the characters of bacillus x. A
culture of this bacillus in agua coco killed rabbit 205 in 7 hours (3
cubic centimetres) and rabbit 207 in 4 hours (2^ cubic centimetres).
This seemed to exclude bacillus x from further consideration as the
possible etiological agent in yellow fever; but upon referring to the
history of this guinea pig I found that it had been inoculated a week
previously with a culture of bacillus x (one-half cubic centimetres
injected subcutaneously, November 20, at 10 a. m.).

It will be remembered that the guinea pig is not killed by sub-
cutaneous injections of cultures of this bacillus. To test the question
as to whether bacillus x could survive for some days in the tissues
of an inoculated guinea pig, I made the following experiments

:

Decemier 17, 1839, 9 a. m.—Injected subcutaneously into guinea pig No. 189 1 cubic
ceutimetre culture bacillus x in agua coco. The animal remained in apparent good
bealtb, and was killed at 11 a. m. December 23. Cultures were made from its liver aud
spleen ; in both bacillus x was obtained in pure culture.

The experiment was made in duplicate, 1 cubic centimetre of the same
culture having been injected into guinea pig 190. The animal was
killed at the same time, and cultures made from the liver and spleen

contained bacillus x.

No 3. Bacillus acidiformans.—(My bacillus i of 1888.)

This bacillus I first obtained in June, 1888, from a piece of yellow-

fever liver which had been preserved for 48 hours in an antiseptic wrap-

ping ; it was associated with bacterium coli commune and my bacillus

cadaverinus. I have since obtained it from liver j)reserved in the same

way in two of my comparative autopsies.

It is, therefore, excluded as far as the etiology of yellow fever is con-

cerned, but as it is pathogenic and has some interesting characters I

have given some time to its study.

The morphology of this bacillus is shown by my photomicrograph,

Fig. 1, PI. VII. It is larger than my bacillus x, and like it differs con-

siderably in its dimensions at different times ; the diameter may be as

much as IJ /x. Usually it has the appearance of a short rod, one and a

half to two times as long as broad, but the elements are often oval in

I'
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form. It is not motile. Like the colon bacillus and bacillus x it is a

facultative anacrohic, and like tLeni it grows I'reelj- in an acid medium—
llcsli-pcptone-gelatine containing 0.2 per cent, of hydrochloric acid. In

cultures containing glycerine or sugar it produces an abundant evolu-

tion of carbon dioxide and a volatile acid is formed. Bouillon cultures

to which 5 per cent, of glycerine has been added, and which have been

carefully neutralized, acquire a decidedly acid reaction as a result of

the growth in them of this bacillus, but without the addition of glycer-

ine no acid is formed. I therefore infer that it has the power of break-

ing uj) glyceriue, and have named it bacillus acidifonnans. In cocoanut

water, which contains glucose, it produces an iutensely acid reaction

and an abundant evolution of carbon dioxide.

It does not liquefy gelatine, and in stick cultures grows abundantly

both on the surface and along the line of puncture. At the end of 24

hours at 22° C. a rounded white mass is formed upon the surface re-

sembling the growth of Friedlander's bacillus ; at the bottom of the

line of puncture the separate colonies are spherical, opaque, and pearl-

like by reflected light. Gas bubbles are formed in the gelatine. (See

Fig. 8, PI. VII.) At the end of a week the surface is covered with a
thick white semi-fluid mass.

In gelatine roll tubes the superficial colonies are translucent or opaqu6
and spherical or somewhat irregular in outline

;
by reflected light they

are slightly irridescent ; the deep colonies are spherical, opaque, and
homogeneous.

The growth upon the surl'ace of nutrient agar is abundant and rapid,
of a shining milk-white color, and cream-like in consistency. An abun-
dant development forms along the line of puncture and the culture
medium is split up by gas bubbles. In glycerine agar the evolution of
gas is very abundant and the culture medium acquires an intensely
acid reaction.

On potato the growth is abundant and rapid at a temperature of 20°
to 30° C, forming a thick, semi-fluid mass of a milk-white color.

I have not obtained any evidence that this bacillus forms spores;
the cultures are sterilized by 10 minutes' exposure to a temperature of
IGOo F.

When cultivated in bouillon to which 5 per cent, of glycerine has been
added the culture medium acquires a milky opacity and there is a copi-
ous precipitate, of a viscid consistency, consisting, of bacilli

;
during the

period of active development the surface is covered with gas bubbles
as in a saccharine liquid undergoing alcoholic fermentation, and the
liquid has a decidedly acid reaction.
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Pathogenic for rahhiia and guinea j«V/.s".—Tliis is sliowu by the follow-
ing experiments

:

Animal.

Guinea pig

Do
Kabbit

Uuiiioa pig

Do
Rabbit ....

Do
Do
Do

Guinea pig

Kabbit

Do
Do

Do
Do
Do

, Do
Do
Do

Date.

1888.

Aug. 31

Aug. 31

Sept. 3

Sept. 1

Sept. 4

Sept. 6

Se])t. 7

Sept 7

Sept. 7

Sept. 11

1889.

Nov. 12

Dec. 24

Dec. 24

1890.

Feb. 15

Feb. 28

Mar. 1

Mar. 1

Mar. 3

Mar. 3

Culture.

Potato

— do

Bouillon . .

.

....do

...do

...do

— do

...do

...do

— do

Agua coco.

— do

...do

...do

Bouillon .

Blood serum

...do

'

Bouillon . .. ..

Blood scrum

Amount.

Small ...

...do ....

2 cc

2 cc

3 cc

1§ cc

1 cc

J cc

1 cc

2 cc

1 cc ..

li cc.

1 cc .

1 cc ..

2 cc ..

IJ cc

.

1 cc ..

2 cc ..

2 cc ..

Where injected.

('aviiy of abdomen . .

.

...do

...do

...do

...do

...do

SnbcutancoiLs

...do

Cavity of abdomen . .

.

...do

.do

.do.

-do

.do

.do

.do

.do

.do

.do

KesuU.

Died at end of 27 lioure.

Recovered.

Died on Iburtli day.

Died at end of 16 hours.

Died at end of 40 hours.

Died at eud of 16 hours.

Died on seventh day.

Do.

Died on flftli day.

Died at end of 28 hours.

Recovered.

Do.

Died at end of 28 hours.

Recovered.

Died at end of 9 hours.

Died at end of 22 hours.

Do.

Died at end of 20 hours.

Do.

The following experiments have been made with sterilized cultures of

this bacillus

:

Animal.

Rabbit

Do
Do
Do
Do

Date.

1890.

Mar. 4

Mar. 10

Mar. 10

Apr. 1

Apr. 1

Culture.

Bullion .

.

....do ....

....do ....

....do ....

do .

Amount.

6 cc.

10 cc.

10 cc.

10 cc.

10 cc.

Where injected.

Cavity of abdomen

...do

...do

.. do

...do

Result.

Negative.

Do.

Do.

Do.

Do.

In animals which succumb to an intra-peritoneal injection of a cul-

ture of this bacillus the intestine is commonly hyperasmic, the spleen

enlarged, the liver normal. The bacillus is found in the blood in

rather small numbers, and may always be obtained in cultures from

the blood or the parenchyma of the liver or spleen.

No. 4. Bacillus cavicida Havauiensis. (My bacillus x x Havana, 1889.)

This bacillus was obtained from the contents of the intestine of a

yellow fever cadaver in Havana, in 1889 (Autopsy No. 24), through in-

oculated guinea-pigs, as follows

:

June 13, 12 m.—Injected subcutaneously into guinea-pig No. 102, 3 minims of viscid

mucus from intestine of Ca.se 24 ; collected at 9 a. m. ; not black. The animal died

at 8.30 a. m., June 14 ;
considerable collection of bloody serum in subcutaneous con-

nective tissue containing a motile bacillus. Juno 14, 10 a. m., injected subcutaneously,
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^ r i.lnnrlv serum from cellular tissue of giiinoa-pig 102.

3ntogninea-pigl05 Smm.msof bloo^^^^^^^^^^
.^^ ^^^^.^^.^^

Juuo 15, 6 a. m., the auunal .8 very ''^'^^^^
" u^or pale, abdon.inal

Died at 7.30 a. :n.; autopsy at once N
y,J.^ , }ew in prep-=r:u:aK:r'r"uv^r:f L{ile .acinus .o..looa or .cart,

slide 1-241.

This is an actively motile, non-liquefying hacillus.

It is a jMtative anaerobic. In gelatine stick-cultures the growth

upon the surface is very scanty and thin, not extending far from the

point of puncture; along the line of puncture are developed small

translucent, pearl-like, spherical colonies, which later become opaque

and sometimes granular.
. o.,^ ^ ^i i i

In oelatine roll-tubes, at the end of 24 hours at 22° C, the deep colo-

nies are very small spheres of a pale straw-color, later they become

opaque light-brown spheres, or may have a dark central mass sur-

rounded by a transparent zone. The superficial colonies at the end of

5 days are small translucent masses of a pale straw color towards the

center with thin and irregular margins; sometimes with a central

light-brown nucleus ; at end of 10 days the deep colonies are still quite

small, of a brown color, and opaque.

In glycerine-agar roll-tubes at end of 24 hours the deep colonies are

in the form of a biconvex lens, and appear spherical when viewed in

lace and biconvex when seen from the side
;
they have a straw color by

transmitted light, and are bluish white by reHected light; the super-

ficial colonies are translucent with a bluish-white luster.

On potato, at 22° 0., at the end of 48 hours there is a thin dirty yel-

low growth of limited extent ; at the end of 10 days there is a thin

gamboge-yellow layer and little masses of the same color ; the growth

is quite thin, with irregular outlines, and is confined to the vicinity of

the impfstrich.

Grows in nutrient agar containing 0.2 per cent, of hydrochloric acid

(1:500) Thermal-death-point 130° F. (about 55° 0.).

Grows in agua coco without forming gas, and causes the liquid to

become slightly translucent, not milky.

Not killed by 30 minutes exposure to a temperature of 10° F.

In its morphology this bacillus closely resembles the colon bacillus.

It does not correspond with the descriptions of bacillus cavicida

(Brieger's bacillus). This, according to Fliigge and Eiseuberg, forms

very characteristic colonies. " Sehr charakteristic, in form sehr scluin

gruppierter, weisslicher, konzentrischer ringe, die iinlich angeordnot

sind, wie die Schuppen auf dem Kiicken einer Schildkrote" (Eisenberg).

I have not seen anything answering to this description in the colonies

of the bacillus under consideration. In order to make the comparison

with Brieger's bacillus, I obtained from Dr. A. C. Abbott a culture of

this bacillus from the stock preserved in Professor Welch's laboratory

in Baltimore. This also did not present the characteristic colonies
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above described, nor did it kill guiuea-pifts'. Since my return to Balti-
more 1 have again obtained a culture from the same source, aud a-ain
have boeu unsuccessful in killing guinea-pigs with it. A careful com-
parison side by side with the bacterium coli commune shows that in its
characters of growth and in its morphology this bacillus of Brieger is
Identical with the bacillus of Escherich. Whether the cnltures pre-
served in German laboratories preserve their pathogenic power 1 am
unable to say.

The cultures of my bacillus cavicida Havaniensis which I brought to
Baltimore with me, upon being replanted after an interval of 3 months,
failed to grow. I have therefore lost this interesting bacillus from my
collection.

It is very pathogenic for guinea-pigs, not so pathogenic for rabbits.
This is shown by the following experiments

:

Havana, June 16, 1889, 12:30 m.—Injected snbcutaneously into guinea-pig 109, 3
minims of a culture in agua coco from heart of guinea-pig 105 (see above). Animal
found dead next morning at G o'clock. Very slight subcutaneous oedema near point
of iuoculation. Liver light in color, contains a few bacilli ; stomach hyperiemic.

June\17, 10 a. m.—lujected subcutaueously into guinea-pig 110, 4 drops of a culture iu

agua coco from heart of guinea-pig No. 105. Animal died at 10 p. m. same day. Con-
siderable subcutaneous oedema containing bacillus a; a;. Bacilli in liver not numerous.
June 17, 10 a. m.—Injected subcntaueously iuto guinea pig 110 4 four drops of a cul-

ture iu agua coco from heart of guinea-pig No. 105. Animal died at 10 p. m. same
day. Considerable subcutaneous ccdema coutainiug bacillus x x. Bacilli iu liver not
numerous.

June 17, 10 a. m.—Injected into cavity of abdomen of guinea-pig No. 112 | cubic

centimetre culture bacillus a; a; in agua coco. Died June 18 at 12 m.

June 18, 7 a. m.—Injected subcutaueously into guinea-pig 113, 1 drop of bloody

terum from cellular tissue of guinea-pig 110 (see above). Died at 9 p. m., next day.

But little subcutaneous effusion ; liver light iu color, contains much fat, spleen large.

June 19, 2:30 jj. m.—Injected subcutaueously into guinea-pig 114, 1 drop of fluid

from anasrobic culture iu glycerin agar of bacillus xx. June 22, the animal has

been very sick but now appears better. June 24, appears well. Died June 29, cul-

sure from blood of heart, negative.

June 23, 10 a. m.—Injected subcutaneously iuto guinea-pig 118, one-half cubic cen-

timetre culture of bacillus xx in agua coco (third culture from heart of guinea-pig

105). Auimal died at 9 p. m. the same day.

July 17, 8 a. m.—Injected subcutaueously into guinea-pig 155, one-half cubic couti-

motre culture of bacillus xx in agua coco, from agar stick culture two weeks old.

Found dead at 6 a. m. next morning. Extensive collection of bloody serum iu walls

of abdomen.

EXPERIMENTS ON RABBITS.

Havana, June 20, 1889.—4 j). m.—Injected subcutaneously into rabbit No. 114, weight

900 grams, 1 cubic centimetre culture bacillus a;a; in agua coco. June 22, remains

well but has a collection of bloody serum in walls of abdomen from which a pure

culture of bacillus xx was obtained. Died in convulsions at 6 a. m. July 23.

June 23, 1889, 10 a. 7ft.—Injected subcutaneously into rabbit 115, one-half cubic

centimetre culture of bacillus a:a; in agua coco. Dead at 6 a.m. July 25. Has had

a profuse, -watery diarrhcea; uo subcutaneous oidema.

June24, 4 p. m.—lujected subcutaneously into rabbit No. 117, 1 cubic centimetivi

culture bacillus xx in agua coco. Juno 25,C a. m., decliuos food
j
temperature in

rectum lOG^ F. This auimal recovered.
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J«He2G,9:30a.m.-Injected into cavity of abdoinen of rabbit 118, 1 cubic ceuti-

niotre culture bacillus xx in agua coco. Animal recovered. ^
^ , . ^. ^

July 7, 9::i0 a. m.-Injectcd iuto cavity of abdomeu of rabbit 123, 1 cubic centuuotre

culture of bacillus xx iu agua coco. Recovered.

No. 5. Bacillus hepaticus fortuitus. (Sternberg.)

Obtained in cultures from bloody serum iu connective tissue of

guinea-pig 119, inoculated with blood from liver of case 28.

Au aiirohic, non-Uquefyinfj bacillus, not observed to be motile, or to

form spores.

In gelatine stick cultures does not grow along line of puncture except

to a slight extent near surface. On surface a white mass is formed

about the point of puncture. See Fig. 8, PI. Viii.

In gelatine Esmarch roll-tubes forms spherical light brown colonies,

homogeneous or finely grannlar ; at end of 4 days deep colonies are

lobate, and the superficial are like a mamma in form, with striations

radiating from the center, and of a dark brown color.

Upon surface of agar stick culture a soft and rather thin white layer

is formed at end of 3 days at 26° 0.

Upon the surface of glycerin-agar the development is quite rapid,

nearly the entire surface being covered at end of 24 hours with a milk-

white growth, in incubating oven at 35° C.

On potato at end of 48 hours a rather dry and thick cream-white

growth formed along the impfstrich at end of 48 hours. The potato has

a bluish discoloration which afterwards disappears ; at end of 2 weeks

a rather thin, light brown semi-fluid layer covers the entire surface.

Abundant growth in agua coco at end of 24 hours at room tempera-

ture, without formation of gas.

Eesembles bacterium coli commune in its morphology, but is differ-

entiated from this bacillus by the fact that it is strictly aiirobic, by its

colonies in gelatine plate cultures, etc. See Fig. 1, PI. vm.
Not pathogeuic for rabbits (single experiment iu which 1 cubic centi-

metre of a culture in agua coco was injected into cavity of abdomen).

No. 6. Bacillus intestiuus motilis. (Sternberg.)

Obtained in cultures from the contents of the intestine of yellow-fever
cadavers in Havana, 1889.

A small, actively motile, non-liquefying bacillus of the " colon group."
A facultative anaerobic. In gelatine stick cultures pale straw-colored
colonies along line of puncture to bottom, and a rather thin translucent
white layer upon surface. Sometimes a nebulous outgrowth occurs
from the line of puncture and tufted outlying colonies are formed
throughout the gelatine

; at other times, in old cultures, a few feathery
tufts sprout out from the line of puncture.

In gelatine roll-tubes, at end of 24 hours at 27° 0. the deep colonies
are spherical and homogeneous and of a pale straw color

;
superficial

colonies are like little drops of water, of a pale brown color.
(a^rows in agua coco without forming gas,
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On potato the growth is rather thin and of a pale yellow color, not
extending far from line of impfstrich.

In its morphology this bacillus resembles the "colon bacillus "of
Escherich, but it is distinguished from it by its active movements its
colonies in gelatine roll-tubes, etc. See Fig. 2, PI. viii.
Not pathogenic for guinea-pigs; not tested upon other animals.

No. 7. Bacillus cavia fortuitus. (Sternberg.)

Obtained in pure culture from liver of guinea-pig 134, inoculated
subcutaneously with 2 minims of material from liver of case 27, pre-
served 48 hours in an antiseptic wrapping.

'

An actively motile, non-liquefying bacillus. Facultative anaerobic.
In gelatine stick cultures there is a scanty growth on surface at

point of puncture
;
growth to bottom of stick, where the colonies are

spherical, translucent, straw-colored and pearl-like by reflected light.

Colonies in gelatine roll-tube at end of three days, small, sphericalj
light brown in color at first, later opaque, sometimes with an opaque
granular central portion surrounded by a transparent zone.

Growth on potato at end of a week in form of small dirty yellow
masses.

Does not form gas in agua coco.

The morphology of this bacillus is shown by my photomicrograph.
Fig. 3, PI. vin.

A culture in agua coco (1 cubic centimetre) injected subcutaneously
into guinea-pig 138 gave a negative result. No further experiments
made with reference to pathogenic power.

No. 8. Bacillus caniculacida. (Koch.)

I obtained the bacillus of rabbit septicajmia in Havana under the

following circumstances: A guinea-pig was inoculated subcutaneously

on the 31st of July with 2 minims of material from the liver of case

29, kept 48 hours in an antiseptic wrapping. The animal died at the

end of 20 hours and 1 cubic centimetre of a culture in blood serum

from its liver was injected on the 6th of August beneath the skin of a

rabbit. The animal died at the end of 22 hours, and a culture of the

bacillus of rabbit septicaemia was obtained from its liver. Two drops

of blood from the heart of the above rabbit injected beneath the skin

of another rabbit caused its death at the end of 20 hours. Its blood

contained the same bacillus.

On the 10th of August another rabbit was inocuhited subcutaneously

with 3 minims of material from the liver of case 31. This animal died

in convulsions at the end of 48 hours, and the bacillus of rabbit septi-

caimia was recovered from its liver.

On the 11th of August at 3 p. m. one-half cubic centimetre of a cul-

ture of this bacillus in veal broth was injected beneatli the skin of

another rabbit. This animal died at 9 p. m. the same evening and the

bacillus was found in abundance in its blood.
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Haviug in the rabbit a test for the presence of this bacillus, and

having found it in two cases, I continued the search for it in some sub-

sequent autopsies as follows

:

August 12, 1:30 p. Injected beneath the skin of rabbit No. 164, 5 minims of liver

pulp from case 32. Result negative.

August 13, 12:30 jj. m.—Injected aubcutaneously into rabbit 169, 4 minims of liver

pulp from case 33. Result negative.

August 15, 1:30 jj.m.—Injected subcntaneousiy into rabbit 171, 1 cubic centimetre

of material, principally blood, from case 35. Result negative.

August 17, 9:.30 a. m.—Injected subcntaneousiy into rabbit 176, 4 minims from liver

of case 35, kept 48 hours in antiseptic wrapj)iug, matei'ial contains bacillus N and
other bacilli. Animal found dead at 6 a. m. August 21. Bacillus of rabbit septic

ciomia not present. A motile bacillus obtained in cultures from liver.

August 19, 7:30.—Injected subcntaneousiy into rabbit 178, one-half cubic centi-

metre crushed parenchyma from liver of case 36. Result negative.

August 21, 10:30 j;. m.—Injected subcntaneousiy into rabbit 183, 2 minims material
from liver of case 37. Result negative.

August 22, 1:45 j). m.—Injected subcntaneousiy into rabbit 184, 1 cubic ccnitmetre
blood and crushed parenchyma from liver of case 38. Result negative.

These experiments sufflce to show that the presence of this widely
distributed pathogenic bacillus in two cases was accidental, and of no
significance so far. as the etiology of yellow fever is concerned.

No. 9. Bacillus Havaniensis (Sternberg).

This is an aerobic, chromogenic bacillus (micrococcus?) which I ob-
tained in my cultures from the kidney in a single case, in Havana, in
1888. It is extremely small, as will be seen by reference to my photo-
micrograph, Fig. 1, PI. IX, and should perhaps be described as a> micro-
coccus.

It is 7iot motile, and, so far as my observations go, does not form
spores.

It does not liquefy gelatine, but grows upon the surface of flesh pep-
tone-gelatine as an opaque, brick red or carmine layer, which develops
slowly and extends very gradually from the point of inoculation. There
IS a scanty development near the surface in gelatine stick cultures but
the characteristic color is only formed upon the surface where there is
free access of oxygen.
On nutrient agar the growth is slow but continuous, forming at theend ot 10 days at the room temperature a heaped up carmine mass
Irequently this bacillus fails to grow upon the surface of cooked

potato, perhaps because of an acid reaction of the potato. But some-
times It grows as it does on nutrient agar, forming a thick irregularmass of a bright carmine color, as seen in Fig. 1, Pi. xix. Dr. Kemp
of the Hoagland laboratory, who succeeded in obtaining a culture onpotato a ter I had failed, thinks that it grows more readily on cooked
potato which has been kept for some time and has become dry

In gelatine roll-tubes the colonics are small, spherical, trai'.slucentand of a beautiful blood-red color.
»
ucHiMucent,

I have a variety of this bacillus in cultivation which has scarcely any
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color—a trace of piuk only. This is from a pure culture which had the
usual deep carmine color and wbicli I kept for a year in a hermatically
sealed glass tube. Upon replanting it at the end of this time in nutri-
ent agar it grew, but has since been almost without color. The growth
is also less abundant. This bacillus is not imthogenio for guinea pigs. I
have not tested it upon other animals.

No. 10. Baccillua vacuolosis (SterDberg).

I obtained this bacillus in one case in my cultures from the intestine
in one case from the stomach, and in one case a few colonies were
obtained in cultures from the kidneys.

The morphology is shown by my photomicrograph, Fig. 3, PI. ix. It
varies considerably in its dimensions, especially in old cultures, in
which a variety of involution forms are encountered. The rods are
often more or less curved and may grow out into long-jointed filaments.
They present the appearance of containing numerous vacuoles in the
protoplasm; these are not spores, but this bacillus forms, under certain
circumstances, large oval spores. It is sometimes motile, the move-
ments being slowly progressive, with a to and fro movement, as if pro-

pelled by a flagellum. It liquefies gelatine slowly in cup shape, the lique-

fied gelatine being quite viscid with a cream-white layer of bacilli on
the surface. It does not grow in an acid medium.
In nutrient agar the growth along the line of puncture is scanty; on

the surface it forms a cream-white layer and the bacilli grow out into

long-jointed filaments.

On j)otato it forms a thin cream-white layer.

Not 'pathogenic for rabbits ; not tested upon other animals.

No. 11. Bacillus fluoiesceus liquefacieus.

This bacillus I firsc encountered in Havana, in 1888, in cultures from

the spleen, stomach, and fluid in the peritoneal cavity of case 2. In my
researches in Decatur, in the autumn of the same year, I obtained it in

a number of cases in my cultures from the feces of yellow-fever jiatients.

It is a motile^ liquefying bacillus, which forms a greenish pigment and

gives to the liquefied gelatine a fluorescent greenish color (see Fig. 2,

PI. XXI). A thicli white deposit, consisting of bacilli, settles to the floor

of the liquefied gelatine.

On potato, at the end of two weeks, at the room temperature a rather

thin pale brown layer covers the greater part of the surface; this has a

varnished shining appearance as seen in Fig. 1, PI. xxi.

This bacillus is about 0.8 fx in diameter and four or five times as long

as broad. It is frequently joined in pairs, as seen in my photomicro-

graph, Fig. 2, PI. IX.

I have made no experiments with reference to its pathogenic power,

having lost ray culture of it during my absence iu Havana last sum-

juer,
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No. 12. Bacillus pyocyanus (Gessard).

Obtaiued from the liver of case 28, Havana, 1889, and from the

feces o a case in Decatar,in 3888; a liquefying bacillus wb.ch forms

Zreel pigment and appears to be identical with the bacillus pyocya-

""it is actively motile. Its morphology is shown in my photomicro-

graph, Fig. 1, PI. X, and its growth in gelatine by Fig. 2 PI. ix.

Upon potato a chocolate-colored layer is formed, as shown in Fig. 3,

PI. XIX. The potato sometimes acquires a green color and sometimes

does not. , ...
A"-ar cultures acquire a beautiful fluorescent green color, which pen-

etrates the medium from the surface, where the pigment is formed m
presence of oxvgeu. Old agar cultures acquire an olive-browu color.

The growth upon the surface of agar is abundant, of a white color tinted

slightly green, and is quite viscid.

A thin mycoderma forms upon the surface of the liquefied gelatine in

gelatine cultures, and it is here that the pigment is formed.

Young colonies in gelatine roll-tubes are coarsely granular, light-

brown in color, and are sometimes surrounded by a transparent ruffle-

like margin, as shown in Fig. 3, PI. X. Later liquefication occurs, as is

shown in Fig. 4 of the same plate.

This bacillus is pathogenic for guinea-pigs and rabbits, as shown by

the following experiments

:

Baltimore, March 13, 1890, 10 a. m.—Injected siibcutaneously into guinea-pig 209

one-half cubic centimetre liquefied gelatine-culture of bacillus, 12. Found dead next

morning at 8 o'clock ; bacillus pyocyanus recovered from blood of heart.

March 10, 9:30 a. m.—Injected into cavity of abdomen of rabbit 1 cubic centimetre

liquified gelatine-culture of bacillus 12. Animal died without convulsions at 1

o'clock the same day.

March 10, 9:30 a. m.—Injected subcutaneously into rabbit 258, weight 2,075 grammes,

I cubic centimetre liquefied gelatine-culture of bacillus 12. Animal recovered, and

on the 22d of March received in the cavity of the abdomen 2 cubic centimetres

liquefied gelatine-culture of the same bacillus. Result negative. (Protected by first

inoculation.)

March 13, 10 a. m.—Injected into cavity of abdomen of rabbit No. 262, weight 720

grammes, one-half cubic centimetre liquefied gelatine-culture of bacillus 12. Ani-

mal found dead next morning at 8 o'clock. Bacillus recovered in pure culture from
liver.

March 13, 10 a. m.— Injected subcutaneously into rabbit No. 263, weight 650

grammes, one-half cubic centimetre liquefied gelatine-culture of bacillns 12. Animal
found dead next morning at 8 o'clock. Bacillns recovered in pure culture from liver.

March 15, 9:30 a. m.—Injected into cavity of abdomen of rabbit No, 274, weight 505

grammes, 1 cubic centimetre sterile culture of bacillus 12. Result negative. March 22,

II a. m., injected into cavity of abdomen of the same rabbit 2 cnbic centimetres lique-

fied gelatine-culture of bacillus 12. Animal remained in good health. Protection

by injection of a sterile culture.

No. 13. Bacillus liquefaciens commune. (My bacillus o, Decatur, 1888).

This bacillus was present, in comparatively small numbers, in about
half the cases, in my cultures from the feces of yellow fever patients,

made at Decatur, Ala., in the autumn of 1888.

4067 14
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It is an actively motile, liquefying bacillus.
In its morpUlogy it resembles the colon bacillus, being a short rod

with roiindeil ends, three or four times as long as broad. See my pho-
tomicrograph. Fig. 2, PI. X.

In gelatine stick cultures liquefaction occurs rapidly in the form of a
purse, as is shown in Fig. 6, PI. x.

Growth occurs at a comparatively low temperature; a culture ex-
posed in an attic room in Baltimore in the month of January showed
decided development with liquefaction of the gelatine.
On potato the growth at the end of two weeks is of pinkish color,

and more or less irregular and corrugated, as shown in Fig. 3, PI. xxi!
This bacillus grows readily in a gelatine medium containing 0.2 per

cent of hydrochloric acid.

The following experiments show that it is not decidedly pathogenic
for rabbits

:

Baltimore, Vecemher 5, 1888.—Injected subCTtaneously into rabbit No. 59, weight
872 grammes, 2 cubic centimeters liquefied gelatine-culture bacillus o. The animal
had some cellulitis at point of inoculation, and an abscess, but recovered.

Baltimore, Deceviher 5, 1888.—Injected subcutaneously into rabbit No. GO, weight 545
grannmes, one-fourth cubic centimetre liquefied gelatine-culture of bacillus o. Some
cellulitis at point of inoculation ; recovered.

Baltimore, December 12, 1888.—Injected into cavity of abdomen of rabbit 64, weight
715 grammes, 2^ cubic centimeters liquefied gelatine-culture of bacillus o. Abscess
formed at point of inoculation, but animal recovered.

No. 14. Bacillus subtilis. (Ehreuherg.)

In my autopsy No, 12, made at Decatur, Ala., in the autumn of 1888,

I obtained in my cultures from the stomach and intestine a motile, lique-

fying bacillus, which proved to have all the characters of the widely

distributed species known under the above name. In Havana, in 1889,

I obtained the same bacillus in cultures from the surface of the body of

yellow-fever patients in the Civil Hospital. This is a large bacillus,

which grows out into long-jointed filaments and forms large oval spores.

It liquefies gelatine quite rapidly in the form of a purse. On potato,

at the end of 10 days a rather dry, dirty-white layer covers the entire

surface; this is made up of free spores and spore-bearing filaments.

No. 15. Bacillus subtilis similis (Sternberg).

This is a liquefying, motile bacillus, which forms large oval spores, and

resembles bacillus subtilis. I obtained it in cultures from the liver of

case 22, Havana, 1889. It is a facultative anaerobic. .

In gelatine roll-tubes the young colonies at the end of 36 hours, at

room temperature, are spherical, finely granular, and pearl-like by

reflected light. The superficial colonies at the same time have com-

menced to liquefy and have a granular white mass at the center sur-

rounded by liquefied gelatine. See Fig. 2, PI. xi.

The morphology is shown by my photomicrograph, Fig. 1, PI. xi, in

which the oval spores are seen in the interior of some of the rods. This

bacillus does not liquefy gelatine as rapidly as bacillus subtilis. In a
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gelatine stick culture at 70° F. at the end of 10 clays the upper half of

the gelatine was liquefied and small pearl-like colouies were scattered

along the line of punctnre below. Ou the tloor of the liquefied gelatine

was a tloculent white deposit and a thin mycoderma on the surface.

The bacilli in recent cultures have a slow to and fro progressive move-

ment, as if propelled by a tlagellum.

On potato, at 86° F., a dry, yellowish-white layer the size of a dime

was formed at the end of 48 hours. In this culture the bacillus had

grown out into long jointed filaments containing spores. In Baltimore

at a later date the growth on potato was a dry, white growth of limited

extent at the end of 5 days.

Ou the surface of nutrient agar a thick cream-white layer is formed

at the end of 4 or 5 days at the room temperature. Along the upper

portion of the line of puncture there is a branching growth. In an

agar culture of 12 days the growth upon the surface contained but few
spores, and variously contorted involution forms of the bacillus were
present.

I have made but a single experiment with reference to the pathogenic
power of this bacillus, as follows:

Baltimore, March 1, 1890.—Injected into the cavity of tlie abdomen of rabbit No.
239, -sveight 1,400 grammes, one-half a cubic centimetre, liquefied gelatine-cnlture of
bacillus 15. March 10, weight 1,250 grammes ; auimal in apparent good health, but
has had a large ulcer at the point of injection.

No. 16. Bacillus intestinus liquefaciens (^Sternberg).

Obtained from the intestine of case 27, Havana, 1889.

This is a motile, liquefying bacillus.

In gelatine stick-cultures the upper portion of the gelatine is lique-
fied, and pale straw-colored colonies are scattered along the line of
puncture below.

Upon jjoiflio the growth is rather thin and of a pale yellow color.
In its morphology, this bacillus preseuts nothing characteristic; it

probably belongs to the "proteus" group. The rods are about 0.8/1 in
diameter, and two or three times as long as broad. See Fi"-. 4 Pi
XI.

t<- 3
•

No. 17. BaciUus filiformis (Sternberg).

Obtained in anaerobic cultures in glyceriue-agar from liver of case
36, navaua, 1889.

A facultative anaerohio,

No motion observed; does not form spores.
Colonies in anaiirobic glycerine-agar tube, spherical or irregular in

outlme, straw color or pale brown, white and opaque by reflected
light; superficial colonies are thin and translucent, and have a bluish
luster by reflected light; later they appear as cream-like, irregular
masses. °

No growth in agua coco; scanty, milk-white growth on surface of
nutrient agar and opaque, branching growth along line of puncture.
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No growth upon potato.

Scanty growth in gelatine stick-culture aloug line of puncture, none
on surface, Fig. 6, PI. xiii.

Grows in neutral bouillon, causing a slight opalescence, and later a
scanty white sediment.

In my anaerobic cultures made in Havana this bacillus was shorter

and thicker than it appears in my photomicrograph. Fig. 1, PI. xiil

In old agar-cultures the bacilli are very much attenuated and appear
as long homogeneous filaments of various dimensions.

Not pathogenic for rabbits or guinea-pigs.

No. 18. Bacillus cadaveris (Sternberg.) (Bacillus N, Havana, 1889.)

This is a large anaerobic bacillus, which was the most constant and
abundant microorganism found in pieces of liver and kidney kept for

48 hours in an antiseptic wrapping. It was also present, in two cases,

in smear preparations made from fresh liver tissue. Since my return

from Havana I have found it in pieces of liver preserved in the same

way from my comparative autopsies.

Fig. 1, PI. XII, is a photomicrograph from a smear preparation made

from the liver of Case 18 (Havana, 1889), preserved for 48 hours in an

antiseptic wrapping. Other bacilli are associated with the large anre-

robic bacillus, but this is the most conspicuous and most abundant.

Invariably the tissue containing it has a very acid reaction ;
it is rather

soft but preserves its fresh appearance and has not a putrefactive odor.

This bacillus is usually about twice as long as broad, but may grow

out into rather long threads.

The ends of the rods are square or slightly rounded. It is motionless

and so far as my observations go does not form spores. In my photo-

micrographs it is associated with a small coccus in pairs, which I iso-

lated in pure cultures and have studied separately (see p. 218).

Bacillus cadaveris is a strict a naiirobic and is difficult to cultivate.

I have succeeded best with nutrient agar containing 5 per cent, of

glycerine, removing the oxygen thoroughly by passing a stream of

hydrogen through the liquefied medium. The colonies in a glycerine

agar roll-tube (containing hydrogen and hermetically sealed) are

opaque, irregular in outline, granular, and of a white color by reflected

light. The culture medium acquires an acid reaction as a result of the

development of the bacillus.

An account has already been given of the pathogenic power of liver

tissue containing this bacillus (see p. 127). My experiments with pure

cultures are given below :

Havana, May 19, 1889.-Injected into cavity of abdomen of rabbit 106 bacillus N

from culture in glycerine agar, suspended in 1 cubic centimetre ofveal broth. Result,

°
J/am«fl, May 16, 1889, 10 a. m.-Injected subcntaneously into guinea-pig No 44 3

minims of liquid from agar-culture of bacillus N. The animal was found dead the

Tex morn ng at 6 o'clock. Extensive subcutaneous c^dema containmg bacUus N.
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Havana, May 17, 1889, 3 p. In jectcd snbcntaneoiisly into guinea-pig 48, 3 min-

ima of liquid from agar-culture of bacillus N. Animal found dead morning of May
21. No subcutaneous anlcma ; no bacilli in blood.

Uavana, June 12, 1889, 9:30 a. 7n..—In jccted snbcutanoously into guinea-pig 97, r> min-

ims anaerobic culture in glyccriuo-agar of bacillus N. Animal died at 10 p. m., .luue

14. No local Qjdoma ; abdominal viscera normal in appearance ; no microorganisms

in blood.

Havana, June 12, 1889, 9:30 a. m.—Injected subcutaneodsly into guinea-pig 98, 10

minims anaerobic culture bacillus N in glycerine-agar. Result, negative.

I regret that these experiments were not extended, inasmuch as they

give a somewhat contradictory result. They show, liowever, that pure

cultures of this bacillus are not as pathogenic for guinea-pigs as is the

material from yellow fever livers kept in an antiseptic wrapping for 48

hours in which bacillus N is associated with other microorganisms.

As none of the microorganisms isolated from such material have shown
a virulence corresponding with that of the material itself, lam disposed
to think that the local inflammatory oedema which results, especially in

guinea-pigs, from injecting it beneath the skin depends upon the pres-

ence of the toxic ptomaines present, in connection with the microor-
ganisms which produce these ptomaines.

No. 19. Bacillus cadaveris grandis (Sternberg).

This is a large anaerobic bacillus, which was occasionally present in
the fragments of liver, etc., kept for

48 hours in an antiseptic wrapping.
I have encountered it still more fre-

quently in liver tissue preserved in

the same way from my comparative
autopsies. I have not obtained it

in my cultures. The morphology is

shown in Fig. 22, in which the am-
plification is about 1,000 diameters.
The rods have a rounded extrem-

ity and usually contain a large oval
spore at one end

; sometimes there
is a spore at each end.

No. 20. Clostridium ckdaveris (Sternberg). (Bacillus T, Havana, 1889.)
This is a.facultative anaerobic, non-motile bacillus, which I obtained in

anaerobic cultures in glycerine-agar associated with Bacillus cadaveri-
nus, from a fragment of liver preserved in an antiseptic wrapping

It IS a Clostridium, forming large oval spores in the center of the'odsbut these spores are only developed in free contact with oxygen Inagar stick-cultures they are formed upon the surface, while along thehue of puncture the rods are longer and may grow out into long fllaments as seen in Fig. 4, PI. xii.

The rods are about l^c in diameter and 5 to 20 or more in lengthIn gelatme stick-cultures the growth upon the surface is very scanty
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and thin, of a cream white color; at the bottom of the line of puncture
large, transluscent, straw-colored colonies are formed.

In agar stick-cultures the growth along the line of puncture is opaque
and upon the surface forms a thin whitish layer.

In bouillon cultures long motionless filaments are formed and the
bouillon is slightly clouded.

But a single experiment lias been made to test the pathogenic power
of this bacillus. One cubic centimetre of a bouillon culture injected

beneath the skin of a rabbit gave a negative result.

No. 21. Bacillus anaeiobicus liquefacieus (Sternberg).

Obtained in anaerobic cultures from the contents of the intestine.

Case 15 (Havana, 1889).

A strictly anaiirohic, non-motile bacillus.

In anaerobic gelatine roll -tubes it forms granular white colonies, sur-

rounded by liquefied gelatine. ISTo growth in aerobic culture in flesh-

peptone- gelatine.

In a long stick culture in nutrient agar it grows along the line of

puncture except near the surface.

A retained culture in agar, of May 15, failed to grow when replanted,

in Baltimore, in November.

In its morphology this bacillus is a slender rod about 0.6/j. in diam-

eter and three to five times as long as broad; the rods are often joined

in pairs and may grow out into threads. It forms spores.

No experiments as to pathogenic power.

No. 22. Bacillus renalis fortuitus (Sternberg.)

Obtained in cultures from kidney. Case 18 (Havana, 1889).

A facultative anaerobic.—Not observed to be motile. Does not liquefy

gelatine. No growth on potato. Superficial colonies in agar roll-tube,

spherical, cream white. Culture of May 16th failed to grow when re-

planted in Baltimore in November. The morphology is shown by my

photomicrograph. Fig. 4, PI. xiv.

No. 23. Bacillus Martinez (Sternberg;.

Obtained from liver, case 29, 48 hours in antiseptic wrapping.

A short oval bacillus, see Fig. 2, PI. xiii. Not motile; does not

liquefy gelatine.

Facultative anaerobic.

Growth to bottom of puncture in stick-culture in glycerine-agar,

scanty growth on surface.

In glycerine-agar roll-tube a thin, spreading, white growth. In gela-

tine stick-culture thin and scanty growth on surface and large, spher-

ical, translucent colonies below. Superficial colonies in gelatme roll-

tubes like a mamma, with mosaic markings on surface, see Fig. 4, PI.

XIII. Deep colonies spherical and translucent.

Not pathogenic for rabbits. (Single experiment.)
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No. 24. Bacillus luteus commune (Sternberg).

Obtained from liver, case 27, 48 hours in antiseptic wrapping. A

single colony, probably accidental.

Aerobic ; not motile ; does not liquefy. Upon the surface of agar cul-

tures a dry yellow mass. Deep colonies in gelatine roll-tubes irregu-

lar in outline, granular and yellow in color; superficial colonies have

an opaque yellow center and a thin, irregular, translucent margin.

For morphology, see photomicrograph, Fig. 5, PI. XV.

No. 25. Bacillus L, Havana, 1889.

Obtained in gelatine cultures from feces of yellow-fever case in Ha-

vana, 1889.

An actively motile, liquefying bacillus. In gelatine- stick cultures at

end of 4 days at 28° C. the gelatine is liquefied above and is milky in

appearance ; at end of 9 days the liquefied gelatine is clouded through-

out, has a greenish tint near surface, and a heavy white deposit below.

On potato at end of 5 days a pinkish white growth, rather thick, with

irregular margins; contains gas bubbles.

In nutrient agar a milk-w^hite growth on surface, and rather scanty,

opaque growth along line of puncture.

For morphology, see Fig. 4, PI. xv.

No. 26. Bacillus C, Havana, 1889.

Obtained in gelatine cultures from kidney, case 18. An actively

motile, liquefying bacillus; see Fig. 3, PI. xv.

No. 27. Bacillus K, Havana, 1889.

Obtained in culture from surface of the body of case in civil hospital,

Havana.

A motile, liquefying bacillus. Liquefies gelatine in cup-shape near

surface
;
growth to bottom of line of puncture consisting of small, trans-

lucent colonies
;
liquefied gelatine very slightly clouded, almost trans-

parent.

No growth on potato.

In nutrient agar scanty yellowish-brown growth on surface, and
branching growth along line of puncture.

For morphology, see Fig. 2, PI. xv.

No. 28. Bacillus Havaniensis liquefaciens. (Bac. I.)

Obtained in cultures from the surface of the body of patients in the
civil hospital, Havana. 1889.

A motile, liquefying bacillus, with round ends
;
grows out into long

threads. No formation of spores observed.
In gelatine stick-cultures liquefaction occurs all along the line of

puncture, as shown in Fig. 8, PI. xiv. The liquefied gelatine at end of
4 days, at 22° C, is slightly clouded throughout ; in old cultures the
liquefied gelatine is quite transparent, and there is a slight flocculeut
deposit at the bottom of the tube.
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On surface of agar stick-culture at end of two weeks a thin, pale-
brown layer.

Colonies in gelatine roll-tubes at end of 24 hours, at 22° 0., spherical,
with a milky opacity, and having a transparent marginal zone, as seen
in Fig. 7, PI. xiv.

Under the microscope the colonies are seen to be finely granular. At
the end of 24 hours liquefaction commences.
No growth on potato.

Not pathogenic for rabbits.

For morphology, see Fig. 1, PI. xiv.

BACILLI OBTAINED IN COMPARATIVE EXPERIMENTS.

No. 29. Bacillus A, Havana, 1889.

Obtained from contents of sewer at its exit, near the margin of the
bay.

A motile, liquefying, aerobic bacillus; forms large oval spores.

Liquefies gelatine slowly ; a rather thick mycoderma forms on surface

of liquefied gelatine.

Milk-white growth on surface of nutrient agar.

In agar roll-tubes a thin spreading growth with irregular margins.

Semi-fluid growth upon potato, with shining surface, as if v^arnished

;

growth very rapid; at end of 24 hours, at 27° C, covers entire surface

;

later a membranous film wrinkled and raised in ridges at center.

For morphology, see Fig. 3, PI. xiv.

No. 30. Bacillus E, Havana, 1889.

Obtained from feces of healthy individual.

A motionless, liquefying bacillus.

Forms large oval spores.

Dry and rather thick white mass upon surface of agar stick-culture.

Eapid growth on potato, forming a white, viscid, spongy, or yeast-

like mass. For morphology, see Fig. 2, PI. xiv.

No. 31. Bacillus U, Havana, 1889.

Accidental colony from the air.

Dirty-white growth on potato.

Not studied further. See Fig. 5, PI. xrv.

No. 32. Bacillus Y, Havana, 1889.

Accidental colony from the air. A large torula-like bacillus. Lique-

fies gelatine; the liquefied gelatine is very viscid. (See Fig. 6, PI.

XIV.)

No. 33. Bacillus gracilis (Steruborg). (Bacillus 17, 1890.)

Obtained from liver kept 48 hours in antiseptic wrapping, compara-

tive autopsy No. 11. -.pi*.
A non-motile, non-liquefying bacillus iu long chains composed ot short

oval elements. (See Fig. 1, PI. xvi.)
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In gelatine stick-culture at 22° C, at end of 5 days a rather thick

white mass at point of puncture, covering one-third of the surface

closely crowded, opaque colonies at bottom of line of puncture and

slender branching outgrowth above.

In gelatine roll-tubes the deep colonies are opaque and spherical;

superlicial colonies circular, or slightly irregular in outline, white in

color, and opaque or slightly trausluscent. (See Figs. 3 and 5, PI.

XVI.)

In nutrient agar, at end of 5 days, at 22° 0., milk-white growth ou

surface; opaque growth to bottom of line of puncture.

On potato, at end of 5 days, at 22° C, rather thick cream-white growth

with irregular margins along line of impfstrich.

Cultures in bouillon have a milky opacity and a very disagreeable

odor.

Grows in agua coco without formation of gas.

No formation of spores observed.

This bacillus is pathogenic for rabbits when injected into the cavity

of the abdomen, as is shown by the following experiments

:

Baltimore, March 14, 1890, 9:30 a. m.—Injected into cavity of abdomen of rabbit

No. 268, one-half cubic centimetre bouillon culture of bacillus 17. Animal found

dead next morning. Liver and spleen normal, kidneys intensely hperferaic. No
bacilli seen in smear preparation from liver and kidneys. Bacillus 17 recovered in

culture from blood of heart.

Baltimore, March 15, 9 a. ni.—Injected into cavity of abdomen of rabbit No. 272,

weight 580 grammes, 1 cubic centimetre bouillon culture bacillus 17. Very sick at

12:30, died at 3:30. A few bacilli in chains in preparation from blood of heart. Ba-

cillus 17 recovered in cultures from blood of heart.

Baltimore, March 15, 9 a. m.—Injected into cavity of abdomen of rabbit No. 273,

weight 1,430 grammes, 1 cubic centimetre bouillon culture of bacillus 17. Animal died

at 12:30 same day.

Baltimore, March 31.—Injected into cavity of abdomen of rabbit No. 283, weight

1,220 grammes, 1 cubic centimetre bouillon culture bacillus 17. Result negative.

Baltimore, Ai^ril 4.—Injected into cavity of abdomen of rabbit 284, weight 1,560

grammes, 1 cubic centimetre bouillon culture bacillus 17. Result negative.

SUBCUTANEOUS INJECTIONS DO NOT KILL RABBITS.

Baltimore, March 17.—Injected subcutaneously into rabbit No. 276, weight 276
grammes, 1 cubic centimetre bouillon culture of bacillus 17. Result negative.

Baltimore, March 31.—Injected subcutaneously into rabbit No. 285, weight 910
grammes, li cubic centimetres bouillon culture of bacillus 17. Result negative.

Baltimore, March 31.—Injected subcutaneously into rabbit No. 286, weight 1,280
grammes, 2 cubic centimetres culture in bouillon. Result negative.

STERILIZED CULTURES NOT PATKOGKNIC FOR RABBITS.

Baltimore, April 1.—Injected into cavity of abdomen of rabbit No. 287, weight 1,400
grammes, 8 cubic centimetres sterilized culture (at 160° F.) of bacillus 1 7. Result
negative.

Baltimore, March 18.—Injected into cavity of abdomen of rabbit No. 280, weight
940 grammes, 5 cubic centimetres sterilized odturo (at 160° F.) of bacillus 17. Re-
sult negative.
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NOT PATIIOGRNIC FOR GUINEA-PIGS.

Baltimore, December 5.—Injected subcutaneouBly into gninea-pig No. 184, 1 cubic
centimotre culture of bacillus 17 in agua coco. Result negative.

JialHmore, March 17.—Injected subcutaneonsly into guinea-pig 210, 3 minims bouil-
lon culture bacillus 17. Result negative. March 22, injected into cavity of the ab-
domen of same animal 1| cubic centimetres bouillon culture bacillus 17. Result neg-
ative.

Baltimore, March 17.—Injected into cavity of abdomen of guinea-pig 211, 1 cubic
centimetre bouillon culture baciHua 17. Result negative.

No. 34. Bacillus coU similis (Sternberg). (Bacillus 24, 1890.)

Obtained from liver kept in antiseptic wrapping, comparative autopsy

No. 11.

A non-motile, non-liquefying bacillus, resembliug the Bacterium coll

commune of Escbcrich, but differing- from it in the characters of its

colonies in gelatine roll-tubes, in its growth on potato, etc. (See Figs.

4 and 7, PI. xvl)

Growth in flesh peptone gelatine as shown in Fig. 6, PI. xvi.

In gelatine roll-tubes tbe superficial colonies are homogeneous and

translucent at the end of two days; the deej) colonies spherical and

pale brown in color. Later the deep colonies become opaque, and the

superficial colonies are quite thin and have a pale brown color.

On potato there is at 22° 0. a thick dirty-white or light-brown growth

along the impfstrich.

Not pathogenic for rabbits or guinea-pigs (single experiment on each

animal).

No. 35. Bacillus B, Havana, 1889.

Obtained in anaerobic culture from liver of case of heart disease, kept

48 hours in antiseptic wrapping. Grows at bottom of long agar stick.

No growth in gelatine stick- culture. (See Fig. 1, PI. xv.)

MICROCOCCI.

No. 1. staphylococcus pyogenes aureus.

Obtained in cultures from yellow-fever liver kept for 48 hours in an

antiseptic wrapping (case 8, Havana, 1888) ; also from stomach (case 11,

Decatur, 1888).

No. 2. streptococcus cadaveris (Sternberg). (Streptococcus pyogenes ?)

Obtained from liver of case 14 (Hav., 1889).

Afacultative anaerobic; does not liquefylgelatiue; forms long chains of

spherical or slightly oval elements. The cocci when in process of division

resemble a short bacillus with stained ends, and a chain of such divid-

ing cocci may be mistaken for a chain of oval bacilli. Indeed, I at first

considered this a bacillus resembling that of Babes, and designated it

bacillus 0 in the list of microorganisms isolated by me in 1889.

No growth on surface of gelatine stick-cultures; opaque colonies

along the line of puncture larger and more opaque than in similar cul-
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tures of streptococcus pyogenes made <at the same time. Later the iso-

lated colonies at bottom of line of puncture are irregular in outline and

granular. .-on.- t

Thin translucent growth on surface of agar culture m Baltimore, in

Havana the growth was more abundant, forming a white mass about

the point of puncture. Grows well in au acid medium (1:500 of hydro-

chloric acid). In bouillon and agua coco it forms little Hocculi made

up of chains.

In old agar cultures is very small and not in chains. Cnlture in veal

broth gives long chains and the cocci are much larger. The individual

elements may vary greatly in size in the same chain.

Very thin white growth on surface of potato at end of 12 days. Not

found to be pathogenic for guinea-pigs or rabbits. For morphology see

photomicrograph, Fig. 1, PI. xvii.

No. 3. streptococcus Havaniensis (Sternberg).

Obtained in acid and transparent liquid vomited by yellow-fever

patient iu Military Hospital, Havana, 1889, after having been kept for

24 hours in collecting bulb. (See Fig. 2, PI. xvii.)

No. 4. Streptococcus liquefaciens (Sternberg). (Streptococcus coli gracilis of

Escherieb ?)

Obtained from liver case 42, 48 hours in laboratory ; also from liver

case 31, and intestine case 15 ; also in comparative autopsies in Balti-

more.

A liquefying coccus which forms short chains, possibly the Babes

microbe.

In gelatine stick cultures the gelatine is entirely liquefied at the end

ofa week as seen in Fig. 7, PI. xvii. The liquefied gelatine is but slightly

opalescent and there is a scanty deposit at the bottom of the tube.

In nutrient agar there is a scanty growth at the point of puncture

and closely crowded opaque colonies to bottom of the line of puncture.

Thin and limited dry white growth on potato at end of 5 daj^s.

Not pathogenic for guinea pigs or rabbits.

For morphology see photomicrograph. Fig. 4, PI. xvil.

Nc. 5. Micrococcus hepaticus (Sternberg).

Obtained in culture from liver, case 8. kept 48 hours in antiseptic

wrapping. A diplococcus. (See Fig. 2, PI. xviii.)

Does not liquefy gelatine.

In gelatine roll tubes the superficial colonies are spherical and trans-
lucent

;
deep colonies at first translucent and homogeneous, become in 3

or 4 days more or less lobate, and pale brown in color by transmitted
light.

Not pathogewc for rabbits.

No. 6. Micrococcus Finlayensis (Sternberg).

Obtained by Dr. Finlay in cultures from the liver and spleen of a yel-
low-fever case and sent to me by him in August, 1888.
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Ihis IS a liquefying staphylococcus, which, like other stapliylococci is
sometimes found in groups of four. When sent to me Dr. Finlav sup-
posed It to bo identical with the large micrococcus in tetrads which hehad previously encountered in connection with yellow-fever cases rav
Micrococcus tetragenus versatillis. He is now satisfied that it is a dif-
ferent species.

This coccus differs from that of Dr. Freire of Brazil in having a pale
yellow color when viewed in mass upon the surface of an agar culture-
while that of Freire has a milk-white color. (See Fig. 2, PL xx.)

'

It liquefies gelatine slowly, forming a cup-shaped cavity, which has a
very viscid, opaque, pale yellow lining, made up of the cocci.

ijJot pathogenic for guinea-pigs or rabbits.

For the morphology of this coccus see Fig. 4, PI. xvrii.

No. 7. Micrococcus versatilis albus.

Accidental colony from the air, Havana, 1889.

A liquefying coccus; often in groups of four; very irregular in
grouping and dimensions. Milk-white growth on surface of nutrient
agar, opaque irregular growth along line of puncture. Milk-white and
later grayish-white rather thick growth on potato. Does not form gas
or produce acid reaction in agua coco. (See Fig. 5, PL xviii.)

No. 8. Micrococcus Ititeus.

Obtained in cultures made from the surface of the body of patients
in Civil Hospital, Havana, 1889. Does not liquefy gelatine. Minute,
opaque colonies along line of puncture in gelatine stick cultures. Yel-

low growth upon surface of agar.

Gamboge-yellow growth of limited extent on potato. (See Fig. 3,

PL XVII.)

Torula gastricus (Sternberg).

In my direct examination of vomited matters and of the contents of

the stomach after death I have very frequently encountered cells of a

torula, and in several cases I have isolated this in pure cultures. It

forms a white mass upon the surface of nutrient agar or gelatine cul-

tures ; it does not liquefy gelatine, and in Esmarch roll tubes it forms

beautiful steUate colonies. The morphology is shown by my photo-

micrograph. Fig. 1, PL XVIII.

The list of microrganisms above described by no means includes

all of those encountered in my studies. I have notes relating to many
others, but not having found time to study their characters fully, so as

to differentiate them in a satisfactory manner, I have not thought it

worth while to make any further mention of them.



IX -CONCLUSIONS.

The experimental data recorded in this reporc show that

—

The specific infectious agent in yellow fever has not been demonstrated.

The most approved bacteriological methods fail to demonstrate the

constant presence of any particular microorganism in the blood and

tissues of yellow-fever cadavers.

The microorganisms which are sometimes obtained in cultures from

the blood and tissues are present in comparatively small numbers,

and the one most frequently found {Bacterium coli commune) is present

in the intestine of healthy individuals, and consequently its occasional

presence can not have any etiological import.

A few scattered bacilli are present in the liver, and probably in other

organs, at the moment of death. This is shown by preserving portions

of liver, obtained at a recent autopsy, in an antiseptic wrapping.

At the end of 24 to 48 hours the interior of a piece of liver so pre-

served contains a large number of bacilli of various species, the most
abundant being those heretofore mentioned as occasionally found in
fresh liver tissue, viz, Bacterium coli commune and Bacillus cadaveris.

Blood, urine, and crushed liver tissue obtained from a recent autopsy
are not pathogenic, in moderate amounts, for rabbits or guinea-pigs.
Liver tissue preserved in an antiseptic wrapping at a temperature of

28 to 30° 0. for 48 hours is very pathogenic for guinea-pigs when
injected subcutaneously.

This pathogenic power appears to be due to the microorganisms pres-
ent and to the toxic products developed as a result of their growth. It
is not peculiar to yellow fever, inasmuch as material preserved in the
same way at comparative autopsies, in which death resulted from ac-
cident or other diseases, has given a similar result.
Having failed to demonstrate the presence of a specific " germ " in

the blood and tissues it seems probable that it is to be found in the
alimentary canal, as is the case in cholera. But the extended researches
made and recorded in the present report show that the contents of the
mtestiue of yellow-fever cases contain a great variety of bacilli and not
a nearly pure culture of a single species, as is the case in recent and
typical cases of cholera.

Comparatively few liquefying bacilli are found in the feces discharged
durmg life or in the intestinal contents collected soon after death from
yellow-fever cadavers.

221



222 ETIOLOGY AND PREVENTION OF YELLOW FEVER.

Ou the other hand uoDliquofyiiig bacilli are very abundant.
The one most constantly and abundantly present is the Bacterium coli

commune of Escherich.

This is associated with various other baccilli, some of which are strict

anaerobics and some facultative anacrobics.

Among the facultative anaerobics is one—my bacillus x—which has
been isolated by the culture method in a considerable number of cases

and may have been present in all. This bacillus has not been en-

countered in the comparative experiments made. It is very pathogenic

for rabbits when injected into the cavity of the abdomen.

It is possible that this bacillus is concerned in the etiology of yellow

fever, but no satisfactory evidence that this is the case has been ob-

tained by experiments on the lower animals, and it has not been found

in such numbers as to warrant the inference that it is the veritable

infectious agent.

All other microorganisms obtained in pure cultures from yellow-

fever cadavers appear to be excluded, either by having been identi-

fied with known si)ecies, or by having been found in comparative

researches made outside of the area of yellow-fever prevalence, or

by the fact that they have been found only in small numbers and in a

limited number of cases.

Finally we remark that many facts relating to the origin and exten-

sion of yellow-fever epidemics give support to the inference that the

specific infectious agent is present in the dejecta of those suffering from

the disease, and that accumulations of feoal matter and of other

organic material of animal origin furnish a suitable nidus for the

development of the "germ" when climatic conditions are favorable for

its growth.

It may be that such a nidus is essential and that the culture media

usually employed by bacteriologists do not afford a suitable soil for

this particular microbe.

It is also possible that its development depends upon the presence

of other microorganisms found in fecal matter, which give rise to chem-

ical products required for the development of this one.

Some of the microorganisms present in the dejecta of yellow-fever

patients, as shown by stained smear-preparations, have not developed

in the cultures made, either aerobic, or anaerobic. One extremely
^

slender, fiilform bacillus, which can only be seen with high powers and

which is quite abundant in some of my preparations, has never been

obtained in the cultures made, and no doubt there are others in the

same category.
_ ^ -n i

That the yellow-fever germ is a strict anaerobic or that it will only

grow in a special nidus may be inferred from certain facts relating to

the extension of epideraiUs. .

There is no evidence that yellow fever is propagated by contamina-

tion of the supply of drinking water, as frequently, and probably usu-
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ally, occurs in the case of typhoid fever and cholera. Moreover epi-

demics extend iu a more deliberate manner and are restricted within a

more defiuite area than is the case with cholera and typhoid fever. It

is usually at least ten days or two weeks after the arrival of an iu-

;

fected vessel or of a person sick with the disease before cases of local

origin occur; and these cases occur in the immediate vicinity of the

imported case or infected vessel. When the disease has effected a

lodgment the area of infection extends slowly and usually has well-

defined boundaries. In towns and cities having a common water sup-

ply one portion remains perfectly healthy, while another, and usually

the most filthy portion, may be decimated by the scourge.

The experimental evidence recorded and the facts just stated seem to jus-

tify the recommendation that the dejecta of yellow-fever patients should be

regarded as infectious material and that such material should never be

thrown into privy vaults or upon the soil until it has been completely

disinfected.

This rule thoroughly enforced, together with an eflicient quarantine

service and proper attention to the sanitary police of our exposed sea-

port cities, would,! believe, effectually prevent this pestilential disease

from again obtaining a foothold within the limits of the United States.
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PLATE I.

Yellow fovor blood; first day of eickness; fatal case. Photomicrograph made inHavana in 187i). X 1,500 diameters; enlarged from a photomicrograph of 500 diame-
ters made with Bock's one-fifth inch objective, dry.

[Extracts from report of Havana Commission, 1879. |

" In Havana Dr. Sternberg gave a large share of his ti me to the microscopic examina-
tion and photography of the blood. No chemical examination was attempted. The
patients from whom specimens of blood were obtained were mostly soldiers in the
military hospital of San Ambrosio. Ninety-eight specimens from 41 undoubted cases
of yellow fever were carefully studied and 105 photographic negatives were made
which show satisfactorily everything demonstrable by the microscope.

'

These photographs were mostly made with a magnifying power of 1,450 diameters
obtained by the use of Zeiss's one-eighteenth inch objective, and Tolles's amplifier!
Probably no better lens than the Zeiss one-eighteenth (oil immersion) could have
been obtained for this work, and it is doubtful whether any objective has ever been
made capable of showing more than is revealed by this magnificent lens. With the
power used, organisms much smaller than those described as existing in the blood of
charbon or of relapsing fever would be clearly defined.

If there is any organism in the blood of yellow fever demonstrable by the highest
powers of the microscope as at present perfected, the photomicrographs taken in
Havana should show it. No such organism is shown in any preparation photographed
immediately after collection. But in certain specimens, kept under observation in

culture cells, hyphomycetoua fungi and spherical bacteria made their appearance
after an interval of from 1 to 7 days. The appearance of these organisms was, however,
exceptional, and, in several specimens taken from the same individual at the same
time, it occurred that in one or two a certain fungus made its appearance and in

others it did uot. This fact shows that the method employed can not be depended
upon for the exclusion of atmospheric germs, but does not affect the value of the re-

sult in the considerable number of instances in which no development of organisms
occurred in culture cells in which blood in a moist state was kept under daily obser-

vation for a week or more.
The method employed seemed the only one practicable for obtaining blood from a

large number of individuals without inflicting unwarrantable pain and disturbance

upon the sick. It was as follows : One of the patient's fingers was carefully washed
with a wet towel (wet sometimes with alcohol and at others with water) and a

puncture was made just back of the matrix of the nail with a small, triangular-

pointed trocar. As quickly as possible a number of thin glass covers were applied

to the drop of blood which flowed, and these were then inverted over shallow cells

in clean glass slips, being attached usually by a circle of white zinc cement. In dry

preparations, which are most suitable for photography, the small drop of blood was

spread upon the thin glass cover by means of the end of a glass slip.

The thin glass covers were taken from a bottle of alcohol and cleaned immediately

before using, and usually the glass slips were heated shortly before applying the

covers, for the purpose of destroying any atmospheric germs which might have

lodo-ed upon them. These precautions were not, however, sufficient to prevent the

inoculation of certain specimens by germs floating in the atmosphere (Penicillinm

spores and micrococci) ; and in nearly every specimen the presence of epithelial cells,

and occasionally of a fiber of cotton or linen, gave evidence that under the circum-

stances such contamination was unavoidable. It is therefore believed that any

or.rauism developing in the blood of yellow fever, or of other diseases, collected

bv'the method described or by any similar method, can have no great significance

unless it is found to develop as a rule (not occasionally) in the blood of patients sut-

feriuL' from the disease in question, and is proved by comparative tests not to develop

in tlio blood of healthy individuals obtained at the same tune and by the same

^Tded by this test it must be admitted that certain fun<M and groups of micrococci,

shown in 'pkotogiaphs taken from specimens of yellow fever blood collected at the

military hospital alid preserved in culture cells, can not reasonably be supposed to bo

peculiar to or to have any casual relation to this disease."
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PLATE II.

Fig. 1. Yellow fover blood ; fifth day; fafcal case. Photomicrograph made in Havana
in 1879. X 1,450 diameters by Zeiss's one-eighteeuth hom. oil immersion
objective and Tolles's amplifier.

Fig. 2. Yellow fever blood
;

first day ; fatal case. Photomicrograph madeiu Havana
in 1879 ; same amplification as Fig 1.

Fig. 3. Yellow fever blood; fifth day; fatal case. Havana, 1879. Same amplifica-
tion as Fig. 1.

Fig. 4. Leucocyte in yellow fever blood kept in a culture cell for two days
;
eighth

day of sickness. Fatal case. Havana, 1879. x 650 diameters.

Fig. 5. Leucocyte in yellow fever blood of eighth day ; fatal case (same as Fig. 3).

Kept in culture cell for two days, x 650 diameters.

1 Extract from preliminary report of Havana Yellow Fever Commission to National Board of Health,
submitted Kovember 18, 1879.]

"The most important observation made relates to certaiu grannies in the white
corpuscles shown in many of the photomicrographs taken. From the manner iu

which these granules refract light, and for other reasons, they are believed by Dr.

Sternberg to be fat, and to represent a fatty degeneration of the leucocytes. The
blood of twelve healthy individuals was examined in Havana, for comparison, and in

nearly every case an occasional leucocyte was found to contain a few (one or two)

granules indistinguishable from those found in the blood of yellow fever ; but this

was the rare exception, while in severe cases of yellow fever the granules were

abundant, and nearly every white corpuscle contained some of them."

Eemark.—In similar preparations (dry) of blood from the finger of yellow fever

patients, made in Riode Janeiro in 1887, the same refractive granules in the leuco-

cytes were encountered. That they are not peculiar to yellow fever is shown by the

fact that similar granules were present in the leucocytes, in dry mounts, of blood

from the finger of persons sufferiug from bori-beri ia one of the hospitals of Eio

de Janeiro.
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PLATE IIL

Fig. 1. Micrococcus of Freire, from the culture given by him to Dr. Sternberg at the

time of his visit to BraziL Fuchsiu stain ; x 1,000.

Fig. 2. Micrococcus of Freire, from an agar culture ; fuchsin stain
; X 1,000.

Fig. 3. Micrococcus ietragenus versatilis (Sternberg), (tetragenus febris flavje of Fin-

lay). From a single colony in a gelatine Esmarch roll-tube. Fuchsin

stain ; X 1,000.

Fig. 4. Bacillus of Carmona, cultivated from yellow fever urine, from a slide mounted
in Dr. Carmoua's laboratory by Dr. Gaviiia, and presented by him to Dr.

Sternberg at the time of his visit to Mexico. Fuchsin stain ; x 1,000.

Fig. 5. Culture of Freire's micrococcus in flesh-peiDtone-gelatine at the end of 8 days

at 22^ C.

Fig. 6. Culture of Freire's micrococcus iu flesh-peptone-gelatine at end of 4 days at

22'-^ 0.

Fig. 7. Micrococcus tetragenus versatilis. Culture iu iicsh-peiitoue-golaliuo at end of

2 weeks at 22^ C.
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PLATE IV.

Fig. 1. Bacillus lepina lethalis (Sternberg)—bacillus of Gibier. From surface of agar

culture, 12 days old. Fuchsin staiu ; X 1000.

Fig. 2. Bacillus lepina lethalis (Sternberg). From bouillon culture, 24 hours old.

Fuchsin stain
; XlOOO.

Fig. 3. Colonies of Gibier's bacillus in gelatine roll-tube ; end of 48 hours at room
temperature (about 20° C); X 5 diameters.

Fig. 4. Single colony of Gibier's bacillus in gelatine roll-tube at end of 3 d.ays at

room teuiporature
;

liquefaction of gelatine around the colony ; X 5

diameters.

Fig. 5. Culture of Gibier's bacillus in flesh-peptone-gelatiue ; end of 4 days at 22° C.

Fig. G. Culture of Gibier's bacillus in llesh-peptone-gelatine ; end of 5 days at 22° C.

Fig. 7. Culture of Gibier's bacillus in flesh-peptone-gelatine; end of 8 days at 22° C,
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PLATE V.

Fig. 1. Bacillus a; " stick-culture" in flesh-peptone-gelatine (20 percent, of gela-

tine) ; from a photograph.

Fig. 2. Portion of same stick-culture shown in Fig. 1, magnified about 4 diameters
;

from a iihotogra^jh.
'

Fig. 3. Bacillus a; a gelatine stick-culture ohtaiued from the feathery outgrowths
shown in Figs. 1 and 2 ('20 per cent, of gelatine).

Fig. 4. Emerich's bacillus cultivated in 20 per cent, gelatine, at 27° C. (80.6° F.)

Fig. 5. Bacterium coli commune of Escherich, cultivated in 20 per cent, gelatine at

27° C. (80-6° F.)

Fig. 6. Bacillus a
;
magnified 1250 diameters. From a photo-micrograph by Dr. Stern-

berg.

Fig. 7. Colonies of bacillus a in flesh-peptone-gelatine ; a superficial colonies in

rosettes; & deep colonies, usual form ; c superficial colonies, usual form.
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PLATE VI.

Fig. 1. Bacillus a; (Havana, 1889.) Smear preparation from surface of liver of lab-

bit 274,^111011 died at end of 24 bonrs after receiving in cavity of abdo-

domen 3 cubic centimeters of a bouillon culture of bacillus x. The
bacilli are smaller than in recent cultures, but a pure culture was ob-

tained from the peritoneal cavity of this rabbit in which the bacilli had
the usual size as seen in Fig. 3. Fuchsin stain ; X 1000.

Fig. 2. Bacillus x, from a potato culture. The potato had an acid reaction and the

bacilli are unusually large. The culture was proved to be pure by

making gelatine roll-tubes in which the colonies had the usual charac-

ters and the bacilli were of the usual dimeusions. Fuchsiu stain;

X 1000.

Fig. 3. Bacillus x, from single colony in gelatine roll-tube. Fuchsin stain ; X 1000.

Fig. 4. Bacillus x, from potato culture of 4 days, Fuchsin stain ; X 1000.

Fig. 5. Bacillus x, colonies in gelatine roll-tube; three days at 20° C. ; X 6 diame-

t9rs.

Fig. 6. Bacillus x; colonies in gelatine roll tube ; 48 hours at 22° C. ; X 10 diame-

ters.

Fig. 7. Bacillus x, culture in flesh-peptone-gelatine ; 48 hours at 22P G.
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ETIOLOGY AND PREVENTION OF YELLOW FEVER.

PLATE VII.

Fig. 1. Bacillus acidiformans (Sternberg). From a potato culture ; 48 hours at 22° C.

Fuchsin stain ; X 1000.

Fig. 2. Bacillus acidiformans in a leucocyte (phagocyte) from liver of rabbit inocu-

lated witb this bacillus. Fuchsin staiu ; x 1000.

Fig. 3. Group of leucocytes containing B. acidiformans, from blood of guinea-pig

inoculated with a culture of this bacillus. Fuchsiu stain ; X 1000.

Fig. 4. Bacillus a, Havana, 1888. {^Bacterium coli commune.) From a bouillon cul-

ture. Bismark brown stain ; x 825.

Fig. 5. Colonies of Bacterium coli commune in gelatine roll tube ; end of 48 hours, at

22° C. X 10 diameters.

Fig. 6. Single colony of Bacillus acidiformans, in gelatine roll tube, end of 2 weeks.

X 10 diameters.

Fig. 7. Bacillus acidiformans, "stick" culture in glycerine-agar, showing the split-

ting up of the agar medium by the formation gas.

Fig. 8, Bacillus acidiformans. Culture in llesh-peptone-gelatine ; end of 4 days, at

22^ C.
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PLATE VIII.

Pig. 1. Bacillus hepaUcus forimhia (Sternberg). From an agar culture of 24 Lours
Fuchsin stain; X 1000.

Fig. 2. Bacillus intestinus vwtilis (Sternberg). From a potato culture, 10 days old.

Fucbsiu stain ; X 1000.

Fig. 3. Bacillus cavia fortuHus (Sternberg). From potato culture of 9 days. Fuch-
sin stain ; X 1000.

Fig. 4. Bacillus caricida Havaiiiensis (Sternberg). From a potato culture of 2 days.

Fuchsin 8<aiu ; X 1000.

Fig. 5. Colonies of Bacillus hepaticus fortuitus in flesh-peptone-gelatine roll-tube ; end

of 48 hours at 22^0. X 10.

Fig. 6. Colonies of Bacillus intestinus motilis in gelatine roll-tube; end of 24 hours,

at 22° C. X 10.

Fig. 7. Culture iu llesh-peptone-gelatine of B. intestinus motilis; end of 4 days, at

22" C.

Fig. 8. Culture in flesh-peptone-gelatiue of B. hepaticus fortuitus ; end of 4 days, at

22° C.
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PLATE IX.

Fig. 1. Bacillus Micrococcus Havaniensis {Sternberg), Surface of agar eulfcure,

Fuchaiu staiu
; X 1,000,

Fig. 2, Bacillus flitorescens lujuefaciens. From single colony. in gelatine roll-tube.

Fuchsiu stain ; X 1,000.

Fig, 3. Bacillus vacuolosis (Sternberg). From potato culture, 4 days old, Fuchsin

stain ; X 1,000.

Fig. 4. Bacillus vacuolosis, from surface of agar culture, 6 days old; showing in-

volution forms. Fuchsin stain ; X 1,000.

Fig. 5. Bacillus vacwo^osis, single colony in gelatine roll-tube; end of 5 days, at20"^C,;

X 10.

Fig. 6. Bacillus vacuolosis culture in flesh-peptone-gelatine ; end of 3 days, at 20°C.
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PLATE X.

Fig. 1. J?acj?/H8j)7/ocva?nMs from potato culture of 24 hours. FuscLsiu stain i X 1,000.

Fig. 2. Bacillus Uquefaciens comvmne (Sternberg). From gelatine culture. Fuchsin

stain X 825 diameters.

Fig. 3. Colonies of B. pyocyanun in gelatine roll-tube; end of 2 days, at 20°C.; X 15.

Fig. 4. Liquefying colonies of B. pyocyanus in gelatine roll-tube; end of 3 days, at

20OC.; X 15.

Fig. 5. B. pyocyanus Culture in flesh-peptono-gelatine ; end of 24 hours, at22'^C.

Fig. 6. B. Uquefaciens commune; culture in Hesh-peptone-gelatine ; end of 24 hours,

at 220C.
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PLATE XL

Fig. L Bacillus sttitilis similia (Sternberg). From potato culture of 5 clays. Fucbsin

stain ; X 1000.

Fig. 2. Colouies of B. snhtilis siiidlis iu gelatine roll tube; sbowiiig liquefaction of

tlie gelatine ; end of 48 bours, at room temperature, X 6.

Fig. 3. Bacillua renalis fortnitus (Sternberg). From gelatine" culture. Fucbsin

stain; X 1000.

Fig. 4. Bacillus intcsttuus Uqiiefacicns (Sternberg). From a potato culture. Fucbsin

stain
; X 1000.

Fig. 5. Bacillus inteslinus liquefaoiens. Culture in flesb-peptone-gelatine ; end of 24

liours, at 22^ C.
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PLATE XII.

Fig. 1. Bacillus cadaveris (Sternberg). Smear preparation from liver of yellow fever

case, kept 48 hours in antiseptic wrapping. Fuchsin stain ; X 1000.

Fig. 2. Bacillus cadaveris (Sternberg). From anaerobic culture in glyceriue-agar

roll-tube; contains also a micrococcus (see Fig. 1, PI. XVII). Fucbsiu

stain X 1000.

Fig. 3. Bacillus cadaveris. From anaerobic culture in glycerine- agar roll-tnbc ; X
1000.

Fig. 4. Clostridium cadaveris (Sternberg). From surface of an agar culture ; X
1000.
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PLATE XIII.

Fig. 1. Bacillus filiformis (Sternberg), From surface of agar culture ; fuclsin staiu

X 1,000.

Fig. 2. Bacillus Martinez (Sternberg). From single colony in glycerine-agar roll

tube; fucbsin stain; X 1,000.

Fig. 3. Colouies of B. filiformis in glycerine-agar roll-tube; eud of 5 clays at 35° C.

X 10.

Fig. 4. Colonies of B. Martinez in gelatine roll-tube at end of 4 days ; X 10.

Fig. 5. Culture of B. Martinez in flesb-peptone gelatine ; end of 4 days at 22° C.

Fig. 6. Culture of B. filiformis in flesb-peptone gelatine ; end of 7 days at 22° C.
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PLATE XIV.

Fig. 1. Bacillus I, Havana, 1889. From gelatine culture; fucLsin stain; X 1,000.

Fig. 2. Bacillus E, Havaua, 1889. From gelatine culture ; fuchsia stain ; X 1,000.

Fig. 3. 2?rtci?/?ts yi, Havana, 1889. From potato culture ; fuclisiii stain
; X 1,000.

Fig. 4. Bacillus ren alis fortiiitus {^tQxnbevg.) From gelatine culture ; fucbsiu stain
;

X 1,000.

Fig. 5. Bacillus U, Havana, 1889. From single gelatine colony ; fuchsin stain ; X
1,000.

Fig. 6. Bacillus Y, Havana, 1889. From single gelatine colony; fnchsin stain; X
1,000.

Fig. 7. Single colony Bacillus I. ; end of 24 lionrs at 20^0. X 10.

Fig. 8. Bacillus I, culture in flesh-peptone gelatine; 48 hours at room temperature.
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PLATE XV.

Fig. 1. Bacillus B, Havana, 1889. From bottom of long agar "sMck culture ;
" fucli-

siu stain ; X 1,000.

Fig. 2. Bacillus K, Havana, 1889. From gelatine cnlturo ; x 1,000.

Fig. 3. Bacillus C, Havana, 1889. From gelatine culture; X 1,000.

Fig. 4. Bacillus L, Havana, 1889. From potato culture, 4 days old ; X 1,000.

EiG. 5. Bacillus G, Havana, 1889. From single gelatine colony; X 1,000.

Fig. G. Slender bacillus from specimen of Freire's vaccine, brought from Rio de Ja-

neiro by Dr. Lane in a sealed glass tube. The mount was made immedi-

ately after opeuiug the tube; stained with gentian violet; X 1,000.
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PLATE XVL

Fig. 1. BacUhis (jracilis (Steruberg). From single colony in gelatine roll-tube; X
1,000.

Fig. 2. BacilJtta coU smiZis (Sternberg). From biugle colony in gelatine roll-tube;

X 1,000.

Fig. 3. Bacilhis (iracilis. Colonies in gelatine roll-tube at end of 24 hours at 22° C;
X 10."

Fig. 4. BatiUiis coli similis. Colonies in gelatine roll-tube at end of 24 hours at 22°

C. ; X 12.

Fig. 5. Bacillus gracilis. Colonies in gelatine roll-tubes at end of 48 hours at 22° C.

;

X 12.

Fig. 6. Bacillus coli similis. Culture in liesh-iieptone-gelatine at end of 7 days at

20 C.

Fig. 7. Bacillus coli similis. Colonies in gelatine roU-tube at end of five days at 20°

C. ; X 12,
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PLATE XVII.

Fig. 1. (S/rep/ococras ca<7flra-is (Sternberg) (Streptococcus pyogenes?). From cnltnre

in agua coco ; x 1,000.

Fig. 2. Streptococcus Havaniensis. From vomit (not black) kept in collecting tube for

24 hours. Yellow-fever case in military hospital, Havana, 1889; X
1,000.

Fig. 3. Micrococcus luteiis. From gelatine cnltnre ; X 1,000.

Fig. 4. StrejitococcusUqvefaciens (HteiulieTg). From anaerobic culture in flesh-peptone

gelatine ; X 1,000.

Fig. 5. Colony in gelatine roll-tube oi Streptococcus Ucpiefaciens ; X 10.

Fig. 6. Streptococcus cadaveris. Colonies in gelatine roll-tube ; xlO.

Fig. 7. Streptococcus liquefacicns. Culture in flesh-peptone-gelatine; end of 7 da,Ta

at220C,
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PLATE XVIII.

Fig. 1. Torxila gastricua (Sternberg). From surface of agar culture. Not stained

;

X about 400.

Fig. 2. Micrococcus hepaticm (Sternberg). From surface of agar culture, Bismarck
brown stain ; X 825.

Fig. 3. Micrococcus J. (Havana, 1888); X 1,000. Obtained from liver of case 8,

kept 4b hours in an antiseptic wrapping.

Fig. 4. Micrococcus Finlayensiai^t&vnhGrg). From surface of agar culture. Bismarck

brown stain ; X 825.

Fig. 5. Micrococcxta vvraatHia albuai'it&vnheiXg). From a culture m agua coco. Fuchsin

stain ; X 1,000.









ETIOLOGY AND PREVENTION OF YELLOW FEVER.

PLATE XIX.

Fig. 1. BacUlvs Havaviensis (Sternberg). Potato culture at end of 15 days at room
temperature.

Fig. y. BacUlii.8 pyocyanus. Agar culture at end of 5 days at room temperature.

Fig. 3. Bacillus pyooyanus. Potato culture at end of 5 days.
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PLATE XX.

Fig. \. Micrococcus tetragenus versatilis (Sternberg). Agar culture at end of 10 days,

at 22° C.

Fig. 2. Micrococcus of Freire. Agar culture at end of 7 days, at 22° C.

Fig. 3. Bacillus of Gibier. Agar culture at end of 12 days, at 22° G.









ETIOLOGY AND PREVENTION OF YELLOW FEVEE.

PLATE XXI.

Fig. 1. Bacillus fluorescena Uquefadens. Potato culture at end of I moutli at room

temperature.

Fig. 2. Bacillus fluorescens liquefacievs. Gtelatine culture at end of I month at room

temperature.

Fig. 3. Bacillus liqnefaciens commune (Sternberg.) Potato culture at end of 20 days

at room temperature.
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